Studies on the Properties of Normal and Reversed Micellar Systems by Durga Prasad, Ghaparala
I . 
, 
-
» 
I 
i 
^ 
^ 
i 
» 
\ 
« 
STUDIES ON THE PROPERTIES OF NdRMAL 
AND REVERSED MICELLAR SYSTEMS 
SUMMARY 
T H E S I S 
SUBMITTED FOR THE DEGREE OF 
29ottor of ^I)ilo)S(opl)p 
IN 
CHEMISTRY 
BY 
GHAPARAbA DURGA PRASAD 
I 
r^  A ^ ^ ^ DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA; 
1991 
SUMMARY 
This thesis entitled "Studies on the Properties of Normal 
and Reversed Micellar Systems" concerns the studies on surfactant 
solutions in aqueous and nonaqueous media. A lot of work on 
surfactants is reported in l i terature and today thousands of 
surfactants are available, studies are s t i l l underway to examine 
various factors responsible for their micellar and adsorption 
behaviour under different conditions. In recent years due to their 
wide spread use in many industrial applications, there has been 
an increasing interest in the surfactants research, both academic 
and applied. Micellar systems have attracted considerable 
interest, owing to their potential applications such as 
solubilization, reaction media, but most notably in ter t iary oil 
recovery. 
The thesis comprises four chapters. General introduction 
about the behaviour of surfactants in aqueous and nonaqueous 
media, influence of additives and other factors which influence 
the CMC, size and shape of micelles, e t c . , are reviewed in 
Chapter I. This chapter p;ovides an upto date survey of 
l i terature on the organized madia, their possible applications 
and recent work being done in i t s frontiers. 
Chapter II reports studies on the effect of amines in 
the sphere-to-rod transition of aqueous ionic micelles. The effect 
of n-amines on sphere-to-rod transitions in aqueous micellar 
•solutions of cationic and anic.ac surfactants was studied by 
viscosity method at various temperatures. The surfactants studied 
were cetyltrimethylammoniuaibromide (CTABO and sodium dodecyl 
sulfate (SDS). It was obbsrved that the relat ive viscosit ies of 
concentrated micellar soluLi-ns increased abruptly above a certain 
amine concentration depending upon the nature of the amine. The 
effect of amines on the activation energy, E for viscous flow 
was studied from the temperature dependence of viscosity. A 
large increase in viscosity and activation energy by the addition 
of amine has been attributed to the change in the shape of 
micelles from sphere-to-rod or to disc- l ike . The effect of amines 
on the viscosity and activation energy of anionic micelles was 
tremendously large as compared to cationic micelles. Charge 
induced solubilization of amines was responsible for the higher 
viscosity and activation energy for viscous flow of the SDS 
micellar solutions. In conclusion the effectiveness of 
n-alkylamines leading to shape transitions for SDS micelles is 
in the order CgNH2 > C^NH' > CgNH and for CTAB micelles the 
order is Ct,NH_> C„NH„. 
o / / Z 
In order to get insite into the structural transitions, 
small angle neutron scattering (SANS) experiments have been 
carried out on a 0.1 m CTAB sclud&n in D.O and in the presence 
of various concentrations of n-^octylamine at 30°C. Temperature 
dependence of micellar size was studied for 0.1 m CTAB in the 
presence of 0.08 m n-octylamine system. From SANS experiments, 
various parameters such as l.itei^micellar distance (D), mean 
aggregation number (n), and radius of micelles were determined. 
Increasing intermicellar distance and aggregation number with 
approximately constant radius of micelle for 0.1 m CTAB micellar 
system with concentration of added n-octylamines are interpreted 
in terms of micellar transition from sphere-to-rod. For CTAB 
micellar system, the sphere-to-rod transition was found to occur 
at 0.02 m of added n-octylamine. SANS study on 0.1 m CTAB 
+ 0.08 m n-octylamine system at various temperatures shows that 
the increase in temperature decreases the size of micelle without 
change in shape. 
Studies on the structural transitions of CTAB micelles 
in aqueous potassium bromide solution with the addition of 
alcohols or increasing temperature are discussed in Chapter III. The 
effect of additioin of n-alcohols on the viscosity of CTAB micellar 
solution in the presence of KBr at various temperatures is 
presented. Lower alcohols (ethanol and propanol) were found 
to decrease the viscosity of CTAB solution in the presence of 
KBr right from the beginning. The viscosities of micellar 
solutions were found to increase on the addition of 1-butanol, 
1-pentanol and 1-hexanol in low concentrations. Depending upon 
the nature of the alcohol, further addition of these alcohols 
either made the solution turbid or lowered the viscosity of the 
solution. 
Micellar transitions from larger aggregates to smaller 
ones were studied by the temperature dependence of the 
viscosities of the systems. The thermodynamic parameters for 
the viscous flow of micellar solutions in the presence of alcohols 
have been determined. The activation enthalpy, AH , for viscous 
flow has been found to cover almost the total contribution to 
AG"^ (activation free energy), and accordingly the entropic 
contribution is zero. Further the enthalpic and entropic 
(^.ontributions to AG are found to be independent of temperature. 
The energy involved in the transition from larger aggregates to 
smaller aggregates is reflected by the A H values, which seem 
to be the more important contribution, related to the rupture of) 
cylindrical micelles to give smaller aggregates. The results are 
interpreted in terms of the possible transition of micellar shape 
from rod-to-sphere or to elongated rods in the presence of added 
alcohols. 
Chapter IV reports the water solubilization limits in 
reversed swollen micellar systems (also known as W/0 micro-
emulsions) which forms in nonpolar solvents in the presence of 
water, surfactant and cosurfactant. Water-in-oil microemulsions 
were produced by mixing different combinations of cationic 
surfactants (CTAB and CPC), n-alkanes (C^-C^) or benzene, 
0 / 
n-amines (CgNH- and CgNH ) or cyclohexylamine and water. The 
water solubilization capacities in microemulsion systems were 
determined by titration method. The influence of chain length 
and structure of oils and amines on the microemulsion formation 
and water solubilizatin behaviour have been investigated. The 
water solubilization capacities of amine microemulsions have been 
compared with the systems prepared by medium chain length 
alcohols as cosurfactants. The water solubilization capacity of 
CTAB and CPC microemulsions increases linearly as the chain length 
of oil increases. Increasing chain length of amine increases water 
solubilization in CTAB microemulsions while it decreases in CPC 
microemulsions. Whereas cyclohexylamine shows same water 
solubilization in both CTAB and CPC microemulsions. In 
comparision to alcohol microemulsions with same compositions, 
amine microemulsions solubilize higer amount of water than alcohol 
microemulsions. 
The solubilization behaviour is interpreted in terms 
of the partitioning of amines between oil and interfaial phases, 
depending on the chain length of oil and interaction with 
surfactant. The molar ratio of amine to surfactant at the droplet 
interface (X ) was found to increase with the length of the oil 
chain. The low water solubilization shown by cyclohexylamine 
microemulsions has been discussed on the basis of partitioning 
of cyclohexylamine in oil, water and droplet interface region. 
The free energy change A G° accompanying cosurfacatant 
adsorption at the interface have also been calculated. Negative 
values of A G ^ shown by microemulsions reveals that microemulsion 
formation is spontaneous. A G ° increases linearly with the number 
of carbon atoms in the alkyl chain of oil phase. The free energy 
change per methylene group, AG /CH of the oil phase is found 
to be -220 and -335 J/mole for n-hexylamine and n-octylamine 
respectively for CTAB mlcroemulsions. For CPC microemulsions 
these were found to bo -210 and - 310 J/mole with hexylamine 
and octylamines. However, for cyclohexylamine systems A G ° / C H _ 
of n-alkanes were found to be -175 J/mole with both the 
;mrfactants CTAB and CPC. 
STUDIES ON THE PROPERTIES OF NORMAL 
AND REVERSED MICELLAR SYSTEMS 
T H E S I S 
SUBMITTED FOR THE DEGREE OF 
JBottor of $I)i(o!eiopi)p 
IN 
CHEMISTRY 
BY 
GHAPARAbA DURGA PRASAD 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1991 
T4218 
2 3 JliN:394 
j ^ f c -
% 
^r. c:H. JV. ^ingl' 
Reader 
® Off. Resi. 
25515 
26316 
DEPARTMENT OF CHEMISTRY 
Aligarh Muslim University 
ALIGARH-202 002, INDIA 
June 13, 1991 
This is to certify that the thesis entitled, "Studies 
on the Properties of Normal and Reversed Micellar Systems", 
is the original work carried out by Mr. Chaparala Durga 
Prasad under my supervision and is suitable for submission 
for the award of Ph.D. degree in Chemistry. 
(H.N^^sfiiglrJ 
Residence : MIG-55(P). A.D.A., Ramghat Road, AUGARH-202001 
ACKNOWLEDGEMENTS 
A large debt of gratitude i s owed to my supervisor 
Dr. H.N. Singh, Departnient of Chemistry, Aligarh Muslim 
University, Aligarh, for h is keen interest , inspiring crit icism 
and constant encouragemait throughout the progress of th i s 
work. 
I am thankfuU to Professor M.A. Beg, Chairman, 
Department of Chemistry, for providing the necessary research 
facilities and Professor M.T. Ahmad, Director, Computer Centre, 
Aligarh Muslim University, Aligarh for providing Computer 
facil i t ies. 
I wish to thank my lab colleagues, Dr. Sanjeev Kumar, 
Mrs. Sangeeta Kumar, Mrs. Divya Gangwar and my friends 
Mr. Muboen A. Khan and Mr. Sant B. Singh for the i r cooperation 
and helpful suggestions. 
Help offered by Dr. P.S. Goyal, Dr. P.R. 
Vijayaraghavan and Mr. K.S. Rao, Solid State Physics Divisioin, 
BARC, Bombay for carrying out SANS experiments, i s gratefully 
acknowledged. 
I am extremely beholdoi to my brother, Ch.V.Bhaskar 
Rao for his affectionate encouragement and interest in my 
academic pursuits . 
Financial support for this work provided by UGC and 
CSIR, New Delhi, is gratefully acknowledged. 
C^Jy^ /(/ jl/i^2>^iA. 
( CH. DURGA PRASAD ) 
CONTENTS 
Page 
LIST OF TABLES ^ 
LIST OF FIGURES ^^ 
LIST OF PUBLICATIONS '^^^^ 
CHAPTER 
I GENERAL INTRODUCTION 1 
I^ IU'KKI^ NCMS 3!J 
n EFFECT OF AMINES ON THE SPHERE-TO-ROD 
TRANSITION OF AQUEOUS IONIC MICELLES 54 
EXPERIMENTAL 57 
RESULTS AND DISCUSSION 62 
REFERENCES 92 
n i EFFECT OF ALCOHOLS AND TEMPERATURE ON 
THE STRUCTURAL TRANSITIONS OF CTAB 
MICELLES IN AQUEOUS POTASSIUM BROMIDE 
SOLUTION 96 
EXPERIMENTAL 100 
RESULTS AND DISCUSSION 103 
REFEI^ENCES 124 
W INFLUENCE OF ALKYL CHAIN LENGTH OF AMINES 
AND ALKANES ON THE WA'il-R SOLUHILIZING 
CAPACITIES OF WATER-IN-OIL MICROEMULSIONS 126 
EXPERIMENTAL 130 
RESULTS AND DISCUSSION 132 
REFERENCES 152 
LIST OF TABLES 
CHAPTER II 
Page 
Table I: Dynamic viscosi t ies for the viscous flow of 
0.3 m SDS solution in the presence of 
n-alkylamines at various temperatures. 
Table n : Dynamic viscosi t ies for the viscous flow of 
0.1 m CTAB solution in the presence of n-
alkylamines at various temperatures. 
63 
64 
Table HI: Activation energies for the viscous flow of 
0.3 m SDS micellar solution in the presnece 
of n-alkylamines. 71 
Table rV: Activation energies for the viscous flow of 
0.1 m CTAB micellar solution in the presence 
of n-alkylamines. 
Table V: Wave vector (Q ], at maximum intensity 
max 
I , mean intermicellar distance, mean 
max 
aggregation number, radius of gyration and 
radius of micelles of 0.1 m CTAB solution 
in the presence of various concentrations of 
n-octylamine at 3D'^ C. 84 
Table VI: Wave vector (Q ), at maximum intensity max ^ 
I , mean intermicellar distance, mean 
max 
aggregation number, radius of gyration and 
radius of micelles of 0.1 m CTAB solution 
in the presence of 0.08 m n-octylamine at 
various temperatures. 85 
11 
CHAPTER i n 
Table I: Relative viscosi t ies of 0 .1 M CTAB + 0.1 M 
KBr solution in the presence of various 
concentrations of n-alcohols at different 
temperatures. 104 
Table 11: Activation free energies for the viscous flow 
of 0.1 M CTAB + 0.1 M KBr solution in the 
presence of n-alcohols and correlation 
coefficients ( r ) for the l inear variation of 
In (T]/%) with 1/T. 113 
Table HI: Activation enthalpies and entropies for the 
viscous flow of 0.1 M CTAB + 0.1 M KBr 
solution in the presence of various 
concentrations of n-alcohols. 121 
CHAPTER IV 
Table I: Water solubilization l imits of n-Hexylamine, 
n-Octylamine and C yclohexylamine 
microemulsion systems composed of 1 g 
surfactant ( f ixed) , 10 ml oi l [fixed), 5 ml 
amine (fixed) and water at 25°C. 133 
Table n : Moles of oil per mole of surfactant, n /n 
O S 
and moles of amine per mole of surfactant, 
"g/n for the microemulsion system composed 
of 1 g CTAB (f ixed) , 1 g water (fixed), oil, 
amine at 25°C. 137 
m 
Table IH: Moles of oil per mole of surfactant, n /n 
^ O S 
and moles of amine per mole of surfactant, 
n /n for the microemulsion system composed 
3. S 
of' 1 g CPC (f ixed) , 1 g water (fixed), oil, 
amine at 25°C. 
138 
Table IV: Intercept (I=n /n ) 
3 S 
and slope (K=n^/n^) of 
plots of n /n versus n /n and mole fraction 
^ a s O S 
of amine at the interface (X ) and in 
a 
continuous oil phase (X ) for the 
3, 
microemulsion system composed of 1 g CTAB 
(fixed) 1 g water ( f ixed) , o i l , amine at 25°C. 142 
Table V: Intercept (I=n /n ) aid stope (K = "^J^J of 
3 S 3 S plots of n /n versus n /n and mole fraction 
^ a s o s • 
of amine at the interface (X ) and in the 
a 
continuous oil phase (X ) for the 
3 
microemulsion system composed of 1 g CPC 
(fixed), 1 g water ( f ixed) , oi l , amine at 
25°C. 
143 
Table VI: Comparision of the values of moles of 
Gosurfactant per mole of surfactant, n-"- "/n , 
cos s 
for different medium chain length alcohols 
and amines in the microemulsion system 
composed of 1 g CTAB, 1 g water, oil and 
CO surfactant. 144 
Table v n : The standard free energy of transfer, A G ° 
s 
for the microemulsion system composed of 
1 g surfactant ( f ixed) , 1 g water (fixed), 
oil and amine at 25°C. 145 
I V 
LIST OF FIGURES 
CHAPTER I Page 
Fig. 1: Variation of Physico-chemical proper t ies with 
surfactant concentration. 4 
Fig. 2: Hart ley model of a spherical micelle. 7 
Fig. 3: Various structural models for micelle. 9 
Fig. 4: Reverse micelle. 11 
Fig. 5: A c ross section of an aqueous normal micelle 
with different solubilization s i te . A and B 
represent same and opposite charge solute to 
the micelle while C and D represent the 
nonpolar and amphiphilic solutes. 21 
Fig. 6: A schematic illustration for the formation of 
var ious structures in surfactant solution upon 
increasing the concentration of surfactant. 23 
Fig. 7: A schematic illustration for the intermicellar 
equilibrium among spherical , cylindrical and 
lamellar micelles. 33 
CHAPTER II 
Fig. 1: Relat ive viscosit ies of 0.3 m SDS micellar 
solutions as a function of added n-amines at 
298.15^K. 65 
Fig. 2: Relative viscosit ies of 0.1 m CTAB micellar 
solutions as a function of added n-amines at 
298.15°K. 66 
Fig. 3: Variation of ln[r] ) with 1/T for 0.3 m SDS 
micellar solution in the presence of: 
(a) butylamine and (b) hexylamine y3 
(c) heptylamine and (d) octylamine -74 
Fig. 4: Variation of ln(ii ) with 1/T for 0.1 m CTAB 
micellar solution in the presence of: 
(a) butylamine and (b) hexylamine yg 
(c) heptylamine and (d) octylamine yg 
Fig- 5: The activation energy of viscous flow, E , 
a 
for 0.3 m SDS solutions as a function of added 
n-a mines. 77 
Fig. 6: The activation energy of viscous flow, E , 
for 0.1 m CTAB solutions as a function of added 
n-a mines. 78 
Fig. 7: SANS spectra of 0.1 m CTAB solution with 
various concentrations of n-octylamine at 30°C. iji 
Fig. 8: SANS spectra of 0.1 m CTAB + 0.08 m 
n-octylamine system at different temperatures. 32 
2 
Fig. 9: Plots of Ln I(Q) against Q for 0.1 m CTAB 
solution in the presence of n-octylamine at 
30°C. 87 
Fig. 10: Plots of Ln I(Q) against Q^ for 0.1 m CTAB 
+ 0.08 m n-octylamine solution at different 
temperatures. 88 
Fig. 11: Variation of mean aggregation number, n, of 
0.1 m CTAB solution as a function of added 
n-octylamine at 30°C. 90 
VI 
Fig. 12: Variation of mean aggregation number, n, of 0 .1 m 
CTAB + 0.08 m n-octylamine solution as a function 
of temperature. 91 
CHAPTER III 
Fig. 1: Logarithms of re la t ive viscosities of 0.1 M CTAB 
T 0.1 M KBr solution as a function of added n-
alcohols at 298.15°K. 105 
Fig. 2: Variation of hii-n/f]^ ] with 1/T for 0.1 M CTAB 
+ 0.1 M KBr solution in presence of: 
(a) ethanol and (b) n-propanol 109 
(c) n-butanol 110 
(d) n-pentanol 111 
(e) n-hexaiol 112 
Fig . . 3: Gibbs-Helmholtz plots for 0.1 M CTAB + 0 .1 M 
KBr in the presence of: 
(a) ethanol 116 
(b) n-propanol 117 
(c) n-butanol 118 
(d) n-pentanol 119 
(e) n-hexaiol 120 
Fig. 4: Variation of activation enthalpy ( A H ) for the 
viscous flow of 0.1 M CTAB + 0.1 M KBr solution 
cis a function of added n-alcohols. 122 
CHAPTER IV 
Fig. 1: Variation of water solubilization limit with 
number 9f carbon atoms, n in the alkyl chain 
of the n-alkane. 134 
big. 2: Plots of n /n versus n /n for microemulsion 
3 S O S 
systems composed of 1 g surfactant ( f ixed) , 1 g 
water (fixed), oil and n-Hexylamine at 25°C. 139 
Y l i 
Fifi. 3: Plots of n /n versus n /n for microemulsion 
° a s O S 
systems composed of 1 g surfactant (f ixed), 
1 g water (fixed), oil and n-octylamine at 
25°C. 140 
Fie. 4: Plots of n /n versus n /n for microemulsion 
^ a s O S 
systems composed of 1 g surfactant (fixed), 
1 g water (fixed), oil and cyclohexylamine 
at 25°C. 141 
Fig. 5: Variation of A G ° with number of carbon atoms, 
n in the alkyl chain of the n-alkane. 150 
V l l l 
LIST OF PUBLICATIONS 
1. Effect of Alcohols and Temperature on the Structural 
Transitions of CTAB Micelles in Aqueous Potassium Bromide 
Solution. 
Colloids Surfaces, 50, 37 (1990). 
2. Viscometric studies on the effect of amines in the sphere-
to-FOd transit ion of aqueous ionic micelles. 
Colloids Surfaces, 1991, (In press) . 
3. Influence of Alkyl Chain Length of Amines and Alkanes on 
the Water Solubilizing Capacity of a Water-in-Oil 
Microemulsion. 
(Submitted). 
4. SANS from .Micellar Solutions of CTAB and n-Octylamine. 
(Submitted). 
IX 
PAPERS PRESENTED IN SYMPOSIA, 
1. Effect of Temperature on - the Viscosity of CTAB Micelles 
in the presence of KBr and low concentrations of 
n-Alcohols. In 3rd National Conference on Surfactants, 
Emulsions and Biocolloids, A.M.U., Aligarh, Dec. 28-30, 
1987 (No: PSS-23). 
2. Effect of Amines on the Sphere- to-rod Transition of Aqueous 
Micellar Solutions. In 4th National Conference on 
Surfactants, Emulsions and Biocolloids, I . I . T . , Bombay, 
Dec. 11-13, 1989 (Abstract No; P. 2214, p . 47). 
3. Role of Amines in Sphere-to-Rod Transition of Aqueous 
Micellar Solutions. In 8th International Symposium on 
Surfactants in Solution, University of Florida, U.S.A., June 
10-15, 1990 (Abstract No: MP 14, p . 141). 
The charac te r i s t i c properties of surfactants in solution 
which render poss ib le thei r pratical applications such as washing, 
cleaning, wetting, emulsifying, dispersing, and foaming depend in 
all cases on the tendency of these compounds to accumulate at 
interfaces between the solution and the adjacent gaseous, liquid, 
1 
or solid phases . Surfactants, surface active agents, or detergents 
are amphiphilic, organic, or organometallic compounds which form 
association colloids or micelles in solution. Amphiphilic substances, 
or amphiphiles, a re molecules possessing distinct regions of 
hydrophobic (water-repell ing) and hydrophi l ic ( l ipophil ic or water-
attracting) charac te r . The factor responsible for good surface 
2 
activity, is the balance between lyophobic and lyophilic properties 
also known as HLB value. Since the polari ty of the distinct regions 
of these substances var ies greatly, these substances have also been 
referred to as amphipathic, heteropolar, or polar-nonpolar 
molecules. 
Depending on the chemical structure of the hydrophilic 
moiety bound to the hydrophobic portion , the surfactant may be 
classed as cationic, anionic, nonionic, or ampholytic (zwitterionic). 
Preparation and purification of synthetic surfactants in general have 
3 
been reviewed . Naturally occurring amphiphiles include simple 
lipids ( e . g . , carboxyl ic acid es te r s ) , complex l ip ids ( e .g . , fatty 
acid esters containing phosphorus, nitrogen bases , and/or sugars), 
and salts of bi le ac ids such as cholic and deoxycholic acids. 
Column, paper, and preparative thin-layer chromatography have 
4-6 been widely used to purify l ipids 
The most characteristic and thoroughly studied property 
of surfactant solutions is the cooperative self-association of the 
solute within a fairly narrow concentration range in dilute solution 
to form high-molecular weight aggregates known as micelles. This 
7-13 topic has been throughly considered in several reviews 
Depending upon the types of surfactant and solvent employed, 
amphiphilic surfactant molecules can assemble to form a variety 
of aggregated structures such as "normal" micelles, inverted 
"reverse" micelles, or synthetic vesicles ' , The solute 
concentration at Vifhich micelle formation first occurs is known as 
the critical micelle concentration (CMC). It has long been 
established that there are quite abrupt changes in the concentration 
dependence of a large number of physico-chemical properties at 
a particular concentration (Fig. 1); this led to the CMC concept. 
The reason why do micelles form may be explained by taking into 
account the changes occurring v,;hen a monomer is transferred from 
i ts aqueous environment into the micelle on transferring the monomer 
into the micelle, the high energy of the hydrocarbon/water interface 
is lost, as the chain is now in contact with others of a l ike 
nature. Transfer of monomer into the micelle also means that the 
structuring of water around the hydrocarbon part of the monomer 
is lost, therefore, an ordered state has become a disordered one 
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Fig.1 v a r i a t i o n oi Physico - chemica l p r o p e r t i e s wi th 
sur foctant c o n c e n t r a t i o n 
with regard to the water, implying a posit ive entropy change and 
a decrease in free energy. The factor opposing the micelle formation 
in ionized surfactants i s r i se in free energy due to electr ical work 
and translational freedom losses due to incorporation of monomer 
into a micelle. This disordered to order transition gives a negative 
entropy change which will oppose the posi t ive entropy changes 
occurring from loss of water structure. The overall decrease in 
free energy due to loss of hydrocarbon/water interfacial energy 
and water structure outweighs the free energy r ise due to electrical 
work and translational freedom losses, giving a remarkable tendency 
9 R 
to micellise. Mukerjee and Mysels have compiled CMC data of 
various class of surfactants using different techniques. 
Depending upon the nature of the hydrophi l ic head group, 
micelles can have e i ther cationic, anionic, zwitterionic, or nonionic 
surfaces. Typically, the CMC's are in the 0.01-10.00 raM range 
15 21 
with each micelle consisting of 40-180 manomers ' . The critical 
micelle concentrations of nonionic micelles are usually 100-fold 
smaller than those of ionic micelles containing comparable 
hydrophobic groups, and consequently, nonionic micelles have higher 
micellar weights than ionic ones. 
The discontinuty in some physical property of the solution 
can be used to identify the CMC, and techniques such as light 
scattering, ultracentrifugation, and viscosity are used to determine 
the size and shape of the micelle. Some techniques have been 
27 28 developed to determine the CMC include dye solubilization ' , 
29 30 31 32 
water solubilization , NMR ' , solubility , and surface 
27 33 tension ' . Additional methods which have been used in the past 
13 have been compiled by Shinoda 
Normal Micelles 
Aqueous solutions of surfactant molecules, at CMC, 
associate dynamically to form normal micelles. Such micelles are 
2 13 34 thought to be roughly spher ical ' ' . A schematic two-dimensional 
representation of an ionic spherical micelle is shown in Fig. 2. 
The hydrophobic part of the aggregate forms the core of the 
micelle while the polar head groups are located at the micelle-
water interface in contact with and hydrated by a number of water 
molecules. The surface of micelles formed from ionic surfactants 
is highly charged (3-5 molar). About 80% of these charges are 
neutralized direct ly through the incorporation of counter ions into 
the micellar surface, forming the stern layer . The remainder of 
the counter ions form the diffuse Gouy Chapman layer . The 
existaice of a substantial net charge at the micellar surface 
provides a large drop in electrical potential across the stern layer 
and at tracts ions of opposite charge. 
Some water molecules may be entrapped by the 
micelle ' and under certain circumstances nart of the hydrocarbon 
37 
chain may extend into the aqueous phase . The amount of water 
"_ _ Hydrocarbon 
^~~_~~_Z~ interior 
Aqueous 
ep^terior 
Gouy - Chapman 
layer 
Stern layer 
Fig, 2 Har t ley model of a s p h e r i c a l micel le 
in the micellar interior varies from surfactant to surfactant, but 
water i s considered, at present, to penet ra te the micellar surface 
only upto distances of approximately three to six carbon 
11 37 
atoms ' . The interior, or core, of t he micelle has generally 
been inferred to be hydrocarbon-like from esr^° , 11,39 
^ and nmr 
40 
spectroscopy and from the utilization of fluorescent probes" . It 
has been proposed that micelles a re loose and porous structures 
in which water and hydrophobic regions are constantly in 
contact ' . Current thought on this controversial "water exposiire 
of micelles" i s founded mainly on low-angle neutron scattering 
43 
experiments which allow the study of unperturbed micelles . This 
modern concept discusses the main cha rac te r i s t i c s of the molecular 
conformation in micelles in terms of the predictions of the 
44 
"interphase model" . Although the "water penetration" concept of 
the hydrophobic sections of micelles i s nov; less acceptable than 
the "water exposure" concept, this controvers ia l topic is s t i l l a 
45 
matter of debate . The exact s t ructure of an aqueous micelle is 
not known with certainty, although severa l intelligent guesses have 
been put forth. Figure 3 depicts some of these models. A 
conventional representation of micelle i s that by Hartley and is 
more acceptable and useful for visualization. 
Reversed Micelles 
Surfactants in nonpolar solvents, in the presence of water, 
associate to form the so called "reversed" or "inverted" micelles. 
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The structure of the micelle is reversed, the polar head groups 
of the monomer being present in the centre of the micelle, and 
the hydrocarbon chains extending outwards into the solvent. Such 
micelles could be formed in presence of t races of water which 
forms a water pool in the interior of the micellar aggregate. The 
size and proper t ies of reversed micelles vary with the amount of 
water present .' '. ' .^ ^^^ ^^^^ picture of inverted micelle 
proposed by Hartli-y, in which the polar head groups of the 
surfactant monomers a re present in the centre of the micelle with 
hydrocarbon chains extending outwards into the solvent forming 
a large sphere , i s shown in Fig. 4. Since in general aggregation 
numbers are small in organic media, i t has been suggested, that 
spherical shape would not be able to provide sufficient shielding 
of the polar regions and i t s formation could be considered unlikely. 
An alternative model i s that of lamellar micelles comprising double 
layers of oriented molecules placed end-to-end and ta i l - to- ta i l with 
sheets of solvent molecules between the surfactant layers (See 
Fig. 4) . In nonpolar solvents ionic surfactants make larger micelle 
than nonionic ones, anionic sulfates make larger micelle than 
46 
cationic ammonium sa l t s . In order to consider a theory of micelle 
formation in nonpolar media, the interaction was divided into two 
par ts , that i s , the interaction among polar par ts of surfactants 
and that of hydrocarbon parts themselves and hydrocarbon parts 
and solvent molecules. The former can be estimated by ionic force 
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for ionic surfactants or hydrogen bonding for nonionic 
47 48 
surfactants ' . It has been suggested that the steric hindemace 
of hydrocarbon parts will be the other factor for micelle 
48 formation . However, no quantitative explanation about the latter 
has yet been proposed. 
Water in reverse micelles i s expected to behave very 
differently from ordinary water because of extensive binding and 
orientation effects induced by the polar heads forming the v;ater 
core. The interior core of the reversed micelle, i . e . , the micellar 
interface and the inner aqueous phase, provides a unique and 
versati le reaction field. Depending upon i ts water contsit (which 
also dictates the size of the aggregate), the microscopic polari ty, 
the local concentration (proximity] , mobility of substrates 
(microviscosity), and/or act ivi ty of water can vary markedly, by 
49 
which one can control chemical reactions as required . The rate 
3- 3-
enhancements for the aquations of [Cr(C„0 ) ] ., [Co(C„0.)„] 
and [Co(en) (N ) ] by factors of 1500 and 11 by surfactant 
solubilized water in benzene with respect to that in pure water 
At constant water concentrations, increasing surfactant concentrations 
causes exponential- decreases in the rate constants. The explanation 
proposed for this kinetic behaviour is that subsequent to an 
optimum saturation of the polar cavity of the reversed micelle by 
water, increasing surfactant concentration results in a decrease in 
the effective water concentration per micelle and hence a decrease 
13 
in the ra te ' . Since the CMC of Octylammonium tetradecanoate 
(OAT) in benzene is higher than that of Dodecylammonium 
propionate (DAP), the effective water concentration per micelle 
is l ikely to be greater for the former than for the later and 
the observed highest rate constant i s , consequently, closer to 
50 51 the rate maximum per OAT than DAP ' 
Mixed Micelles 
The formation of micelles from more than one chemical 
species gives r i se to what are known as mixed micelles. In the 
simplest case, binary or ternary mixtures of surfactants of 
similar, but not identical chain lengths may be studied, and 
thermodynamics of th is type of micelle formation has been 
9 13 52 
described ' . Clint developed an analytical description which 
included both micelle composition and monomer concentration above 
the mixed CMC for mixtures of nonionic surfactants. Clint ' s 
treatment assumed ideal mixing in the micelle. Furthermore, the 
52 53 
expression of Lange and Clint ' for the CMC values of 
mixtures of nonionic surfactants has been experimentally verified 
for cases v/here ideal mixing might be expected. The CMC of 
a mixed surfactant system is reported to be lower than that of 
52 the single surfactant 
14 
The proper t ies of the mixtures of an anionic surfactant 
54 55 
and a nonionic surfactant ' and cationic and nonionic 
56 
surfactant have been interpreted with the aid of mixed micelle 
formation between the surfactants. Theoretical equations have 
been formulated to explain the changes in CMC of the mixture 
13 
of nonionic and ionic surfactants in aqueous solution . Recently 
57 
a "mass action" model of mixed micellization was developed, 
which may be preferred over the simpler pseudo phase 
seperation model 
Another class of mixed micelles results when 
low-molecular weight molecules are solubilized by micelles 
formed from surfactants containing a relat ively larger nonpolar 
side chain. Penetrating additives such as long chain alcohols 
and amines which solubilize in the palisade layer or at the 
micellar interface are reported to form mixed micelles ~ . 
FACTORS AFFECTING CRITICAL MICELLE CONCENTRATION AND 
MICELLE SIZE 
Hydrocarbon Chain Length and Structure: 
In aqueous micellar solutions the CMC decreases linearly 
CO 
as the hydrocarbon chain length increases . For the same head 
group, compounds containing longer hydrocarbon chains form 
micelles at lower concentrations than those containing short 
chains. For a homologous series of surfactants, the CMC is 
15 
related to the number (m) of carbon atoms in a straight 
hydrocarbon chain by 
log(CMC) = A - Bm (1) 
where A,B are constants for a homologous series and values of 
13 these constants were listed by Shinoda . Lengthening of the 
hydrocarbon chain causes an increase in the micelle size and 
aggregation number. On the other hand, in nonpolar solvents, 
the CMC increases and aggregation number of micelle decreases 
46 
as the hydrocarbon chain length increases 
The position of the head group in hydrocarbon chain 
also affects the CMC. The closer the head group to the centre 
of the chain, the higher the CMC, due to the two branches of 
the chain partially shielding one another. The presence of 
double bond in the chain also causes an increase in CMC. 
Temperature and Pressure: 
For ionic detergents the CMC first decrrases with 
increasing temperature at low temperatures and increases at high 
CO 
temperatures . Decrease in CMC in the low temperature range 
is probably due to desolvation of pa r t s of the monomer which 
make it more hydrophobic. The CMC increase is due to thermal 
agitation of molecules resulting in a decreasing adhesion between 
16 
monomers and shifting the equilibrium in favour of the monomeric 
species . 
For nonionic detergents the CMC decreases with 
increasing temperature ' . Meguro e t . a l . , observed linear re la-
tion between log (CMC) and the reciprocal of temperature. The 
micelle size of ionic detergents decreases , and that of nonionic 
R7 
detergents increases with increase in temperature. 
The CMC has been found to increase upto a pressure 
of 1,000 atmospheres and decrease with further increase of 
pressure ' . It has been suggested that the soap molecules 
when present in the micelle are in a more expanded condition 
than when present as the monomers in solution, so that the 
initial effects of pressure tend to compress the micelle and 
mitigate against the increased freedom of the monomer in the 
micelle, thus giving a rise in CMC. The decrease in CMC on 
increasing the pressure above ,1,000 atmospheres may be due 
to an increase in the dielectr ic constant of water, making less 
electr ical work necessary to bring a monomer into a micelle. 
Additives 
Addition of some polar and nonpolar addi t ives to the 
solutions of surfactants may al ter the aggregation behaviour such 
as CMC, aggregation number, s ize and shape of micelles. 
17 
(i) Effect of sa l t s : 
The addition of a number of sal ts reduces ihe CMC 
70-73 
of ionic detergents , presumably because the screening 
action of the simple e lectrolytes lower the repulsive forces 
between the polar head groups, and less electrical work is 
required in micelle formation. The repulsive forces between 
head groups i s further reduced by increasing salt concentration 
74 
resulting in an increase in micellar size . The effective 
charge on the micelles, p ( the number of charges per micelle), 
increases with salt concentration, but the actual degree of 
dissociation p/n remains roughly constant. 
Addition of sa l t s , in low concentrations, to nonionic 
detergents lowers the CMC , but it increases further at 
no 
high concentration of the sa l t s . The effectiveness of sal ts 
in altering the CMC of nonionic airfactants have been founc 
71-72 to approximately fallows the lyot ropic ser ies , which for 
anions and cations ' ' r espec t ive ly were 
?5S0^~> F " > c r > C10~> B r " > N0~> r > SCN" 
and Na^> K^> L i ^ hCa^'' 
(ii) Effect of Nonelectrolytes: 
Non-electrolyte add i t ives l i ke urea and i ts der ivat ives 
77 78 increases the CMC of ionic and nonionic surfactants ' , Urea 
18 
77 7fl is generally believed to break the structure of water ' 
and to decrease the structuring around the hydrocarbon chains, 
hence reducing the driving forces for micellization. This effect 
i s generally greater for cationic micelles than for anionic 
micelles. The addition of urea to surfactant solutions containing 
a nonionic fluorine-labelled surfacts i s reported to increase 
h [^ 
79 the micelle size , although it decreases the micelle size for 
Fif) ionic sodium trifluoro dodecyl sulfate . Addition of acetamide 
and formamide was reported to decrease the CMC of surfa-
ctants 
The addition of sucrose to nonionic surfactant 
on 
solutions was found to promote a small lowering of the CMC 
Addition of sucrose to aikyi ammonium bromides increases the 
CMC at al l temperatures, and the addition of glucose may 
promote e i ther CMC increase or decrease, depending upon the 
temperature . The hydrocarbon gases such as ethane and 
propane have been found to lower the CMC of dodecylamine 
hydrochlor ide and th is effect increases with increasing chain 
84 length of hydrocarbons 
( i i i ) Effect of solvents: 
Solvents play an important role in the micellar 
behaviour of surfactants. CMC of surfactants were found to 
19 
c 
be lower in D^O than in H^O ^. In o rde r to explain the 
behavour it was suggested that hydrophobic bonds may be 
expected to be stronger at 25° in> D„0 than in H O . Low 
concentrations of added alcohols reduce the CMC, but high 
on 
concentrations tend to increase the CMC for nonionic and ionic 
no Qc 
surfactants ' . An increase in the CMC of aqueous solutions 
77 
of polyoxyethylene nonyiphenols and dodecyltrimethyl-
op 
ammonium bromide was observed on the addition of 
1,4-dioxane, ethylene glycol and methanol due to the increase 
of monomer solubil i ty in addi t ive-water mixture. It was found 
that micelles disappear by the addition of some organic 
89 
solvents to aqueous solution of surfactants 
Micellaar Solubilization 
Solubilization is one of the most important property 
exhibited by micellar solutions. This property renders these 
systems most indispensible in many applied processes. The 
term micellar solubilization implies the formation of a thermo-
dynamically s table , isotropic solution of a substrate (the 
solubilizate), normally insoluble or s l ight ly soluble in a given 
solvent, by the addition of. a surfactant (the solubil izer) . 
Solubilization is , of course, closely related to micellization 
since l i t t le or no solubil i ty increase is observed until the 
CMC of the surfactant is reached, but once the micelles are 
20 
fully formed the solubil i ty of the substrate increases linearly 
with the concentration of the surfactant over a large 
concentration range. The saturation concentration of the 
solubilizate which maintains a single isotropic solution is 
termed the maximum addit ive concentration (MAC). The 
determination of the MAC rel ies on the same basic physical 
and chemical measuremsnts which are used for the determination 
34 
of solubility in general . 
Depending upon the nature of the solute and organized 
surfactant system, a solute can "bind" different regions of 
the aggregated system. Figure 5 shows some of the 
solubilization si tes avai lable for a solute in an aqueous normal 
90 
micellar system . A charged solute (A) would be 
electrostatically repel led from the micelle surface if it were 
of the same charge-type as the ionic micelle while an 
oppositely charged solute (B) would be electrostat ical ly 
attracted to the micellar surface. Nonpolar solutes (C) would 
partition to the outer par ts of the more hydrophobic core 
region. Amphiphilic solutes (D) would attempt to align 
themselves so as to maximize the electrostatic and hydrophobic 
interactions possible between itself and the surfactant 
molecules. Various techniques such as, uv, •''H nmr, -"-^ F nrar, 
esr spectroscopy, were used to determine the s i te of 
solubilization^'^'^. 
21 
BULK 
WATER 
Fig. 5 ^ cross sect ion of on aqueous n o r m a l 
micel le wi th d i f f e ren t s o l u b i l i z a t i o n s i t e , 
A and B represent same and oppos i te 
charge solute to the micel le wh i le C and 
D represent the nonpo lor and a m p h i p h i l i c 
s o l u t e s . 
22 
The nature of the solubilizate as well as that of 
the solubilizer and the solvent, the presence of additional 
polar or nonpolar substrates, and the temperature are the 
, ^.,. \ . 34,91 
complex parameters which influence solubilization 
Structural Aspects of Surfactant Micellar Systems; Influaice 
of Additives: 
Surfactant molecules can be considered as building 
blocks. Surfactant self-association in aqueous media is strongly 
co-operative and starts gaierally with the formation of roughly 
spherical micelles around the critical micelle concentration, 
CMC. WhHi the surfactant concentration markedly exceeds the 
CMC, the shape of the spherical or ellipsoidal micelle 
92-94 
undergoes gradual changes . Figure 6, schematically shows 
various structures that are formed in the surfactant solution 
upon increasing the concoitration of surfactant . The spherical 
micelles become cylindrical ones. Upon further increasing the 
concentration. there is a hexagonal packing of surfactant 
cylinders. If the concentration is still increased the lamellar 
structures are formed. Upon further addition of surfactant, 
the lamellar structures are converted to a hexagonal packing 
of water cylinders. Upon addition of oil and a short-chain 
alcohol (cosurfactant), one can convert such water cylinders 
into water-in-oil microemulsions. 
23 
UJ 
_ 1 
< 
u 
— 
cr 
Q 
z 
_ l 
>-
o 
Ul 
_J 
_ l 
LU 
U 
i 
Q 
LU 
t -
Z 
LU 
E o 
> 
_J 
2 
o 
Q 
or LU 
H 
< 
^ 
< k 
If) 
m 
1 O 
3 D 
> - —0 
D 0 
3 • 
>- — 
3 3 
3 
r>- — 3 O 0 
0 i 
- < _ 
UJ 
O 
S 
(X 
< 
_J 
_ J 
LU 
5 
< 
_) 
3 Q —O 
^ ^ 
en 
cr 
LU 
O 
z 
o 
5 
z 
< 
u 
< 
u. 
cr 
D 
cn 
CO 
>-
cr 
u 
o- —o o - - o 
O - —O Q - - O 
o - —o o - - o 
o— —o o - - o 
o— —o o - —o 
u. o 
o 
z 
:x: 
u 
< 
CL 
< 
Z 
o 
< 
X 
HI 
I 
cr 
LU 
Q 
z 
_1 
> 
o 
LU 
< $ 
C 
(/) 
6) 
l_ 
D 
• • - " 
O 
i_ 
-t-i 
01 
C/1 
D 
O 
i_ 
o 
> 
>4-
o 
c 
o 
-•-' 
0 
E 
o 
v f -
i_ 
o 
c 
o 
0 
l_ 
• * - • 
cn D 
~~^  
c 
0 
• M 
O 
0 
v » -
u D 
U) 
•4-
o 
c 
o 
-M 
0 
u 
c 
C9 
u 
c 
o 
u 
c^  
r 
+-> 
cn 
c 
— 01 
o 
C9 
L. 
u 
c 
c 
o a 
C 
o 
-v-< 
D 
—' 
z 
o 
LO 
_ ) 
D 
LU 
O 
cr 
u 
o 
E 
JZ 
u 
01 
01 
c 
o 
o 
o 
> • -
1_ 
D 
in 
24 
It is possible to induce a transition from one 
structure to another by changing the physicochemical conditions 
such as temperature, pH, additionn of ionic and nonionic 
34 94-97 
solutes, in the surfactant solution ' . For ionic surfactant 
systems, micellar growth increases very strongly with 
decreasing temperature, with increasing chain length and 
counterion size (CI , Br , I ) of surfactant and with the 
addition of sal ts ' . At low pH values dimethyldodecylamine-
95 
oxide micelles in salt solutions exist as rod shaped micelles . 
Additives, which decrease CMC of aqueous micellar systems 
are believed to enhance micellar sphere-to-rod transitions in 
94-98 
aqueous media . The mechanism of promoting sphere- to-
rod transition of spher ical micelles by some solubilized 
additives has been discussed in a review art icle by 
99 Mukerjee . Additives, surface active to hydrocarbon-water 
interface, such as long chain amines and alcohols will be 
mainly solubilized at the micellar surface; these compounds 
can be solubilized to a h igher amount than the other types 
of additives (hydrocarbons) , which are not surface active and 
consequently have to be solubilized into the micellar in ter ior . 
The first type of solubilization is regarded as an adsorption 
and these addit ives a re found to promote the sphere-to-rod 
transition; the second type of addi t ives , on the other hand, 
were found to have no influence on the spher ica l micelles in 
the first approximation. 
25 
For nonionic miceUes, raising temperature favours 
micellar growth^^'^°°. Hydration of ethylene oxide groups is 
reduced as the water-to-ethylene oxide molar rat io i s reduced 
and as temperature i s increased. For C^E^ micellar systems, 
micellar growth is easy for small x /n rat ios while the minimal 
94 
spherical shape should be favoured if x is large . 
Furthermore, a micellar growth and shape change from sphere 
-> rod -> lamellae should be facilitated by a temperature 
94 increase 
Since micelles are dynamic structures comprising a 
liquid core it is probably unreal i s t ic to regard them as rigid 
91 
structures with a precise shape . The shape and size of these 
micellar aggregates can in p r inc ip le be determined by various 
101 •" 93 
methods, such as light scattering , diffusion , NMR 
102 103 
spectroscopy , small-angle x-ray scattering , electrical 
104 105 
conductivity , solubilization etc. viscometric techniques 
has been used in a number of experimental 
94 °6 97 104 106 investigations <- • ' - Qf micellar solutions both because 
of i t s simplicity and i ts sens i t iv i ty to detect changes in the 
size of the anisotropic micellar cyl inders . The sphere-to-rod 
transitions of ionic and nonionic micelles have been studied 
by a number of workers6^-94'96.98^99,106-108_ ghere-to-rod 
transition has been observed by an anisotropy in the electr ical 
1 OR 
conductivity . For sodium dodecyl sulfate and for a ser ies 
26 
of cationic surfactants in NaCl solutions a sharp break in 
apparent micellar molecular weight is observed when the NaCl 
concentration reaches a value of 0.45 m and the break point 
109 
would correspond to the sphere-to-rod transition . The 
micellar sphere-to-rod transition i s highly dependent upon the 
nature of the counterions and it was concluded that strong 
counterion binding promotes the transition from small spherical 
, . , . , . „ 96,102 to cylindrical micelles 
Temperature affects the sphere- to-rod transition. The 
viscosity of the cylindrical micellar solution decreases with 
the increase in temperature due to the breaking up of the 
94 107 
cylinders to smaller aggregates ' . Decrease in micellar size 
with temperature at high concentrations of e lectrolytes has been 
. ^ K *K 102,105,110 
reported by various authors 
MICROEMULSIONS 
Microemulsions are isotropic, clear or translucent, 
thermodynamically stable oil /water/emulsifiers dispersions 
It is common for microemulsions to contain a cosurfactant which 
is usually a short chain alcohol, as well as electrolytes, in 
the aqueous phase. The droplet diameter in microemulsions 
ranges from 100-1000 A=. The droplets are stabil ized by a 
mixed interfacial film of surfactant and alcohol. Penetration 
27 
of the interfacial film with oil as well as the interaction of 
water with the polar -groups are essential for the formation 
111 113 
of microemulsions ' . The surfactants create an extremely 
low interfacial tension between oil and water, which promotes 
emulsification 
Theories of microemulsion formation: 
These are classified into three more categories. 
1. Mixed film theory: This theory was proposed by Schulman 
and co-workers-'--'--'-'-'--'-^'-'--'-^ and Prince''-"'-'^'-'-"'"^. In this theory the 
ultra low interfacial tension between the oil phase and the 
aqeuous surfactant phase that develops as the cosurfactant i s 
added, i s considered to be the driving force for the spontaneous 
formation of microemulsion. 
2. Solubilization theory: This has been proposed by Shinoda 
112 119 120 
and Friberg and collaborators ' ' . In this theory 
microemulsions are treated as swollen micellar systems, i . e . , 
with oil or water solubilized in normal or reversed micelles. 
Here, they believe that microemulsions are equivalent to swollen 
micelles but i t ' i s also true that all micelles can not be swollen 
to the limit of microemulsions. 
3. Thermodynamic theory: The thermodynamic theory proposed 
28 
"1 91 —1 9R 1 9 f i 
by Ruckenstein and co-workers ~ and Overbeek are the 
recent ones. From this treatment a quantitative picture of 
microemulsion formation in t e rms of free energy change may be 
given. The free energy change for microemulsion formation is 
given by the expression: 
A G ^ = AG^ . AG^ . A G 3 (2) 
where A G is the free energy change due to mixing of surfactant 
and water plus cosurfactant and oil , A G„ is the free aiergy 
change due to the increase in interfacial area and AG- is the 
free energy change due to mixing of drople ts in the continuous 
phase. From a consideration of the relat ive magnitude of each 
term, i t is concluded that for A G to become zero or negative, 
the interfacial tension including the electr ical term must have 
very low but slightly positive value. 
In many, but not a l l cases, microemulsions can be 
regarded as rather monodisperse droplets of water-in-oil or oil-
in-water . They may be in equilibrium with excess oi l , excess 
water or both. It is often assumed that the oi l - in-water (0/W) 
microemulsion resulting from the addition of small amounts of 
oil to an aqueous surfactant solution contains surfactant micelles 
swollen with oil. Analogously, the addition of small amounts 
of water to an oleic surfactant solution may result in a water-
in-oil (W/0) microemulsion. In both cases, the dispersed 
29 
111 127 droplets are stabilized by an "act ive film" of surfactant 
W/0 microemulsions are expected to provide 
environments similar to that of reversed micelles. An important 
difference, however, i s the considerably larger water pool in 
microemulsions than that in reversed micelles. Thus by 
definition, W/0 microemulsions will always contain free and bound 
1 2fi 
water molecules . The 0/W microemulsion, in contrast to 
aqueous micelles, contains a s izeable hydrocarbon interior. This 
in turn, provides highly apolar aivironmaits for entrapping 
20 
substantial amounts of hydrophobic molecules in each aggregate 
Later on it was establ ished that microemulsions or 
solubilized systems can exist in equilibrium with excess of oil, 
water or both. Winsor referred to these respective equilibria 
129-131 
as type I, II and III . He showed qualitatively that the 
transitions I ^ '^ i n v ^ H are depaident on the hydrophilic 
132 
versus lipophilic character of the surfactants (HLB) , salinity, 
oil composition and temperature. Shinoda and co-workers 
experimentally defined these transitions as functions of 
temperature and ethylene oxide contait for cosolubilized oil and 
1^ ^—1 Ti 
water systems prepared with nonicnic surfactants ~ . The 
single/2-phase boundaries for type I and type 11 systems were 
described on temperature composition diagrams . These 
boundaries were found to be shifted with variation in HLB 
30 
(ethylene oxide content, hydrocarbon chainlength and added 
anionic surfactants) , oil type and added s a l t s ' ' . Similar 
effects were observed by Kon-no and Kitahara for the 
solubilization of water and aqueous sa l t solutions in non-aqueous 
- too -1 on 
media (type E systems) by cationic , nonionic and 
. . 140 f ^ ^ 
anionic surfactants. 
Role of Cosurfactant in Microemulsion System: 
It i s intrinsically important to change the HLB of a 
surfactant mixture continuously by var ious devices in order to 
atiain a larrge solubilization or ult imately complete mixing of 
112 hydrocarbon and water with less surfactant . The devices of 
cosurfactants. surfactants and their combination yielded very 
141 large solubilization . In most microemulsion systems, a 
cosurfactant (or cosolvent) is generally used in combination with 
the primary surfactant. The most fundamental role of alcohol 
is probably i t s ability to destroy l iquid crystal l ine and/or gel 
142 
structures which ooivate the formation of microemulsion . In 
a detailed phase behaviour study, Bourrel et. a l . found that 
alcohol is cnly cne common controlled variable capable of 
bringing the surfactant formulation to i t s optimum state. Salter 
showed that additions of alcohol depress solubilization in micro-
144 
emulsion , while others sliowed that it decreases the 
145 
sensit ivi ty to composition fluctuations 
31 
The s tructure and the length of alcohol can Influence 
the phase continuity of micixiemulsions ' . Ethyl- , propyl-, 
butyl-, and amyl-alcohols yield e lectr ical ly conducting (0/W 
microemulsion) systems with t)enzene over a wide concentration 
range of the soap. Such systems become electr ical ly nonconducting 
(W/0 microemulsions) very sharply for hexyl alcohol and for 
all higher alcohols, i . e . , inversion of the continuous phase takes 
place between n-pentanol and n-hexanol. When the cosurfactant 
is a "long" alcohol, the microemulsion three-dimensional domain 
consists of two disjoined volumes; systems of this kind are 
147 labeled type 'S ' . Per contra, the microemulsion domain oi 
systems incorporating 'short" alcohols forms in the phase 
tetrahedron an all-in-one block volume; systems of this kind 
are labelled type 'U' . Replacing a given alcohol by another 
alcohol belonging to the same category has no effect on system 
type but may notably affect features of the microemulsion three-
dimensional domain. Recently i t was fdund that branching in the 
cosurfactant (alcohol) chain decrease the water solubilization 
113 
capacity for soaps and detergent microemulsions 
Now a days some a l iphat ic amines or amine oxides are 
also getting good recognition as cosurfactants in the mlcfoemulsicn 
formulations ~ . Microemulsion systems formed by hexylamir.e 
was found to give an excel la i t water solubilizing capacity at 
high hydrocarbon levels with extremely low surfactant and 
32 
149 
cosurfactant content . One of the possible factors which could 
be responsible for th i s may be the good solubili ty of water 
in cosurfactant coupled with sparing solubil i ty of the cosurfactant 
, 150 
m water 
Role of water in micr-oemulsion system: 
Depending upon the amount of water present in the 
system, water may form water pool or work as a dispersion 
medium in microemulsion systems. It i s expected that as the 
water/oil ratio increases , the W/0 type microemulsion may invert 
into 0/VV type microemulsions. In microemulsion systems the phase 
in\ersion followed by structural changes from spherical (W/0) 
- ^cy l ind r i ca l (W/0) > lamellar — > cylindrical (0/W) 
—> spherical (0/W) was observed as increasing water/oil 
151-153 
ratio . A schematic illustration for s t ructural transitions 
in microemulsion systems is shown in figure 7. Lindman e t . 
154 155 
a l . ' have shown how self-diffusion measuremaiis on water 
can be used to study the structure of such systems. They 
suggested that the interaction of surfactant head groups and water 
greatly influence the transport of water in these solutions. 
Role of oil in microemulsion systems: 
In an e a r l i e r work on Aerosol OT systems, it was found 
that the solubilization limit of water in t h e droplet increases 
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156 \Nith the increase in the a lkyl chain length of hydrocarbons 
Microemulsion formation and thei r var ious physicochemical and 
structural propert ies are also repor ted to be influenced by the 
152 153 
alkyl chain laigth of oil ' . The alkaies form 
water-continuous microemulsion at a considerably lower water 
157 
content than that of the corresponding alkanes . Influence of 
hydrocarbon chain length on the s t ruc tu re of water droplet in 
microemulsion system was studied by small angle neutron scattering 
^ 158 
measurements 
As increasing the volume fraction of long chain 
hydrocarbon, the shape of the aggregates were reported to be 
159 
changed . Alkyl chain length of oi l influence the water 
solubilization in a microemulsion sys tem. An increase in chain 
length of oil decreases water solubilization in n-butanol 
microemulsions whereas it increases water solubilization in 
n-pentanol microemulsions 
Role of surfactant in microemulsion system: 
Surfactant plays a central ro le in microemulsion system. 
The water or oil solubilization depends on the nature and 
structure of surfactant. Ionic surfactant is . usually strongly 
hydrophi l ic hence ionic surfactant needs l ipophi l ic cosurfactant 
for larger solubilization. Long chain ionic surfactants require 
35 
1 fin 1 fii 
a far small amount of alcohol for microemulsion formation ' 
The water solubilization ab i l i t y i s greatly enhanced at high 
hydrocarbon levels when quaternary ammonium salts are used in 
place of more common anionic surfactants . An increase in chain 
1 -1 q -] CO 
length of surfactant increases water solubilization ' . With 
quaternary sa l t s of equal chain length, pyridinium salts a re more 
effective for water solubilization at high oil concentrations than 
corresponding trimethyl sa l ts ^. 
In nonionic surfactant microemulsion systems no 
133 
cosurfactant i s needed even with pure specimens of surfactant 
(very oftei nonionics are mixtures with a range of chain lengths) . 
Since the solubility of nonionic surfactants i s highly temperature 
dependent, the temperature p lays an essential role in microemulsion 
133 135 behaviour ' . An ionic surfactant i s stable with temperature 
change but needs higher concentration for microemulsion 
formation 
Effect of salts on microemulsion systems: 
In several microemulsion systems, an 0/W microemulsion 
164 inverts to W/0 type upon increasing salinity . At an 
intermeddiate salinity (optimal salinity) a middle phase 
microemulsion is formed. The middle phase microemulsion is in 
133 
equilibrium with excess oil and brine . It is proposed that 
36 
the addition of salt can decrease the in te rdrop le t repulsion and 
hence produce a close-packed state for t h e 0/W microemulsion 
which subsequently results in a phase separat ion and formation 
of the middle phase""-^^. Shinoda"'--'-^'-'-^^'-'-^^'-'-^'^ has shovra that 
by a very precise design of HLB of surfactant and judicious 
choice of added sal t , i t is possible to obtain systems in which 
the one-phase regions extend almost continuously from aqueous 
solutions to oil solution at very low surfactant concentrations. 
Importance of inicellar systems: 
Micellar solutions are known to increase the solubility 
3 34 
of s l ightly soluble or insoluble organic compounds in water ' 
Micellar solutions are used extensively in synthet ic , analytical, 
pharmaceutical and industrial chemistry. Micellar systems can 
provide environments, in which molecules can undergo reactions 
quite different from those of simple aqueous systems. Large ra te 
enhancements as well as selectivity in micel lar media have been 
reported by several authors ' . Several o ther unique abi l i t ies 
and proper t ies possessed by micelles a r e the i r capability* to 
concentrate, compartmentalize, organize and localize 
reactants/solutes; al ter effective microenvironments (such as 
polar i ty , d ie lec t r ic constant, viscosity) about solubilized solutes; 
a l ter chemical pathways and rates; a l ter spec t ra l parameters of 
solubil izates; a l te r photo-physical pathways and rates; s tabi l ize 
37 
reactants, intermediates and products, a l t e r quantum efficiencies; 
al ter the position of equilibrium (such a s dissociation constants); 
alter redox properties (potentials); maintain product and/or 
reactant gradients; separate products ( cha rges ) ; al ter drastically 
surface proper t ies ; be chemically s table , optically transparent, 
photophysically inactive, and on the whole, relatively 
„ , . ,,90,165,166 
"nontoxic" 
Recent studies on application of micellar solutions in 
industry and technology, viz. electronic pr int ing, high-technology 
electronic ceramics, magnetic recarding, macroelectronics, non-
conventional energy production, novel pollution control methods, 
1 fi7 
and novel separation techniques have been reviewed . Micellar 
enhanced chemiluminescence techniques have been used for the 
1 fifl determination of hydrogen peroxide , a multitude of metal 
169,170 , ,, , • +• • , ^ , 171 
ions , and the analysis of organic reductants 
Applications of raicroemulsions mainly based on the low 
interfacial tensions, on the poss ib i l i ty of preparing nearly 
homogenous mixtures of oil-and water-soluble substances and also 
on the near uniform droplet s ize . The most spectacular use of 
92 172 
microemulsions is found in the t e r t i a ry oil recovery ' . Other 
applications are cutting oils (0/VV), providing cooling and 
lubrication in one fluid and dry-cleaning fluids (W/0) in which 
both o i l - and water-soluble contaminates dissolve . The 
38 
possibi l i ty of contacting oi l - and water-soluble reactants at a 
large interface offers the possibi l i ty of greatly accelerating 
heterogeneous reactions, e.g. with l ip ids and water-soluble 
173 
enzymes 
39 
REFERENCES 
1. M.J. Schick, ( e d . ) , "Nonionic Surfactants Physical 
Chemistry", Marcel Dekker, New York, 1987. 
2. K.J. Mysels, 'Introduction to Colloid Chemistry", Inter . , 
Pub. , New York, 1959. 
3. J.H. Fendler and E . J . Fendler, "Catalysis in micellar and 
macromolecular systems". Academic Press, New York, 1975. 
4. C.V. Viswanathan, Chromatogr. Rev., 11, 153, (1969). 
5. R.M. Burton and F.C. Guerra, "Fundamentals of Lipid 
Chemistry", B-I Publ. Div . , Webster Groves, MO, (1974). 
6. B. Lundberg, Acta Chem. Scand., 27, 3545 (1973). 
7. J.M. Corkill and J . F . Goodman, Adv. Colloid Interface Sci . , 
2, 297 (1969). 
8. E .J . Fendler and J .H . Fendler, Advan. Phys . Org. Chem., 
8, 271 (1970). 
9. E. Jungermann, ( e d . ) , "Cationic Surfactants". Marcel Dekker, 
New York (1970). 
10. P. Mukerjee, Adv. Colloid Interface Sci . , 1, 241 (1967). 
11 . N. Muller, in "Reaction Kinetics in Micelles", Amer. Chem. 
Soc. Symp., E. Cordes, (Ed . ) , Plenum, New York, p . l , 1953. 
12. M.J. Schick ( e d . ) , "Nonionic Surfactants", Marcel Dekker, 
New York (1967). 
40 
13. K. Shinoda and T, Nakagawa, in "Colloidal Surfactants", B. 
Tamamushi and T. Isemura, Eds. Academic Press , New York, 
1963. 
14. G.W. Brady, J . Chem. Phys . , 57, 91 (1972). 
15. G.W. Brady and M. Kaplan, J . Chem. P h y s . , 58, 3535 (1973). 
16. G.W. Brady, J . Chem. Phys . , 58, 3542 (1973). 
17. J .H . Fendler, Membrane Memetic Chemistry, Wiley 
In ter -sc ia ice , New York (1982). 
18. M.J . Rosen, "Surfactants and Interfacial Phenomaia", John 
Wiley, New York (1978). 
19. J .H . Fendler, Ace. Chem. Res. , 9, 153 (1976). 
20. J .H . Fendler, J. Phys. Chem., 84, 1485 (1980). 
21 . J . E . Brady, D.F. Evans, B. Kachar and B.W. Ninham, J . 
Am. Chem. S o c , 106(15)', 4279 (1984). 
22. Y.M. Tricot, D. Furlong^ S. Nail and H.F. Wolfgang, Aust. 
J . Chem., 37(6), 1147 (1984). 
23. J .H . Fendler, Ace. Chem. Res. , 13, 7 (1980). 
24. Y. Moroi, N. Nishikido and R. Maturra, J . Colloid Interface 
Sc i . , 50, 344 (1977). 
25. Y. Moroi, H. Akisada, M. Sato and R. Maturra, J . Colliid 
Interface Sc i . , 61, 233 (1977). 
41 
26. P. Mukerjee and K.J . Mysels, "Critical Micelle Concentrations 
of Aqueous Surfactant Systems", NSRDS-NBS 38, Superin^tendent 
of Documents, V/ashington, D.C. , 1971. 
27. C.W. Brown, D. Cooper and J .C .S . Moore, J . Colloid Interface 
Sci . , 32, 584 (1970). 
28. M. Wentz, W.H. Smith and A.R. Martin, J . Colloid Interface 
Sci . , 29, 36 (1969). 
29. H. Saito and K. Shinoda, J . Colloid Interface Sc i . , 35, 359 
(1971). 
30. J . F . Yan and M.B. Palmer, J . Colloid Interface Sci . , 30, 
177 (1969). 
31. J .H. Faid ler , E . J . Fa id le r , R.T. Medary and O.A. El Seoud, 
J. Chem. Soc. Farday Trans. I, 69, 280 (1973); J . Phys. 
Chem.. 77, 1432 (1973). 
32. K.N. Mehrotra, V .P . Mehta and T.N. Nagar, J . Prakt . Chem., 
313, 607 (1971). 
33. G. Scibona, P.R. Danesi, A. Conte and B. Scuppa, J . Colloid 
Interface Sci . , 35, 631 (1971). 
34. P.H. Elworthy, A.T. Florence and C.B. MacFarlane, "Solubili-
zation by Surface Active. Agents and i t s Applications in 
Chemistry and the Biological Sciences", Chapman 8 Hall, 
London, 1968. 
42. 
35. F.M. Moiger, J .M. Jerkimica and J . C . Johnston, J . Am. 
Chem. S o c , 100, 4678 (1978). 
36. F.M. Menger, H. Yoshinaga, K.S. Venkalusubban, and A.R. 
Das, J . Org. Chem., 46, 415 (1981). 
37. J . Clifford, Trans. Faraday S o c , 61, 1276 (1965). 
38. T. Nakagawa and H. Jizomoto, Kolloid-Z. Z. Polym., 2K), 
594, (1972). 
39. F. Tokiwa and K. Tsuji, J. Colloid Interface Sc i . , 41, 343 
(1972). 
40. S.J. Rehfeld, J . Colloid Interface S c i . , 34, 518 (1970); J. 
Phys. Chem., 74, 117 (1970). 
41 . P. Fromjerz, Chem. Phys. Lett . , 77, 460 (1981). 
42. F.M. Maiger and D.W. Doll, J . Am. Chem. S o c , 106, 11C9 
(1984). 
43 . K.A. Dill, D.E. .Koppel, R.5. Cantor, J .D . Dill , D. Bendeouch 
and Sow-Hsin Chen, Nature, 309, 42 (1984). 
44. K.A. Dill and P . J . Flory, P r o c Natl. Acad. Sc i . , U.S.A., 
77, 3115 (1980); 78, 676 (1981). 
45. B. Cabane, Nature, 314, 385 (1985). 
46. K. Kon-no and A. Kitahara, J . Colloid Interface Sci . , 35, 
636 (1971). 
43 
47. A. Kitahara, in "Cationic Surfactants", Jungermann, Ed. , 
P. 287, Marcel Deckker, New York, 1970. 
48. F.M. Fowkes, J . Phys. Chem., 66, 1843 (1962). 
49. P .L. Luisi and B.E. Straub ( E d s . ) , "Reverse Mice l l s " , 
Plenum, New York, 1984. 
50. C.J. O'Connor, E .J . Fendler and J .H . Faidler , J . Chem. 
S o c , Dalton Trans . , P. 625 (1974). 
51. C.J. O'Conner, E.J . Fendler and J .H. Fsidler . J. Amer. 
Chem. S o c , 95, 600 (1973). 
52. J . Clint, J. Chem. Soc. Faraday T r a n s . , 1, 71, 1327 (1975). 
53. H. Lange and K.H. Beck, Koll . Z-Z. Polymer. 251, 424 
(1973). 
54. T. Nakagawa and H. Inoue, J . Chem. Soc. Japan. 78, 104 
(1956). 
55. J.M. Corkill , J . F . Goodman and J .R . Tate, Trans. Fracay 
S o c . 60, 986 (1964). 
56. D.N. Rubingh and T. Jones, Ind. Eng. Chem. Prod. Res. 
Dev.. 21, 176 (1982). 
57. C. Elvingson and S. Wall, J . P h y s . Chem., 90, 5250 (1986). 
58. K. Shinoda, J. Phys. Chem., 58, 541 (1954). 
59. D. Hail, J. Chem. Soc Farday Trans . II , 73, 1582 (1977). 
44 
60. N.N. Klibabchuk, L.K. D'yachek and D. I . Kurlyand, KoUoidn. 
Zh. , 37, No. 1, 166 (1975)., 
61 . V.A. Lutsenko, R.M. Panich, O.P. Krai 'kova and L . I . 
Cheboteeva, KoUoidn. Zh., 37, No. 1, 181 (1975). 
62. M. Ueno, Y. Takasawa, H. Miyashige, Y. Tabata, and K. 
Meguro, Colloid Polym. Sc i . , 259, 761 (1981). 
63. G.C. Kresheck in "Water", F . Franks, Ed. . Vol. 4, Plaium 
Press , New York, P. 104, 1975. 
64. E.D. Goddard and Benson, Canadian J . Chem., 35, 986 (1957). 
65. K. Meguro, Y. Takasawa, N. Kawahashi, Y. Tabata and M. 
Ueno, J . Colloid Interface S c i . . 83, 50 (1981). 
66. Kuriyama, H. Inoue and T. Nakagawa, Kclloid-Z, 183, 68 
(1962). 
67. P.H. Elworthy and McDonald, Kolloid-Z, 195, 16 (1965). 
68. R.F . Tuddaiham and A.E. Alexander, J . Phys. Chem., 66, 
1839 (1962). 
69. S.D Hamann, J. Phys. Chem., 66, 1359 (1962). 
70. H.N. Singh, S. Swarup and S.M. Saleem, J. Colloid Interface 
Sci. 68, 120 (1979). 
71 . W.U. Malik and O.P. Jhanib, Kolloid-Z.. 242, 1209 (1970). 
72. A. Ray and G. Nemethy, J . Amer. Chem. Sec. 93, 6787 
(1971). 
45 
73. A. A. Abramzon, A. A. Novozhraiets and V.A. Yakovlen, Zh. 
P r ik l . Khim., 56, 39 (1983). 
74. M. Almgren and S. Swarup, J . Phys . Chem., 87, 876 (1983). 
75. M.J. Shick, J. Colloid Sc i . , 17, 801 (1962). 
76. B. Vender, S.M. Zourba and J . Lyklema, Prog. Colloid Polym. 
Sci. 68 (Front. Colloid S c i . ) , 25 (1983). 
77. M.J. Schick and A.H. Gilbert , J . Colloid Sci. 20, 464 
(1965). 
78. H.N. Singh and S. Swarup, Bull . Chem. Soc. Jpn. 51 , 1534 
(1978). 
79. N. Muller and F.E. Platko, J . Phys . Chem., 75, 547 (1971). 
80. N. Muller and T.W. Johnson, J . Phys . Chem. 73, 2042 
(1969). 
81 . W.U. MaUk and S.P. Verma, KoUoid-Z 233, 985 (1969). 
82. W.B.' Gratzer and G.H. Beaven, J , Phys . Chem. 73, 2270 
(1969). 
83. J . E . Adderson and C.G. Butler, J . Pharm. Pharmacol. , 24, 
130 (1972). 
84. A. Metzer and I .J . Lin, J . Phys . Chem.. 75, 3000 (1971). 
85. M.F. Emerson and A. Holtzer, J . Phys . Chem. 71, 3320 
(1967). 
46 
86. G.C. Kresheck, H. Schneider and H.A. Scheraga, J . Phys. 
Chem.,, 69, 3132 (1965). 
87. K. Deguchi, T. Muzuno and K. Meguro, J . Colloid Interface 
Sci . , 48, 474 (1974). 
88. S. Miyagishi, Bull. Chem. Soc. Jpn . , 47, 2972 (1974]. 
89. P. Becher and S.E. Tr i f i le t t i , J . Colloid Interface Sc i . , 43, 
485 (1973). 
90. W.L. Hinze, H.N. Singh, Y. Baba and N.G. Harvey, Trends 
Anal. Chem., 3, 193 (1984). 
91 . D. Attwood and A.T. Florence, "Surfactant Systems, their 
Chemistry, Pharmacy and Biology", Chapman and Hall, Landon, 
1983. 
92. V.K. Bansal and D.O. Shah in "Micellization, Solubilization 
and Microemulsions", K.L. Mitall, i d . , Vol. 1, Plenun Press, 
New York, p . 87, 1977. 
93. P.G. Nilsson, H. Wennerstrom and B. Lindman, J . Phys. 
Chem., 87, 1377 (1983). 
94. P. Ekwall, L. Mandell and P . Solyom, J . Colloid Interface 
Sci. , 35, 519 (1971). 
95. K.W. Herrmann, J . Phys . Chem., 68, 1540 (1964). 
96. C. Gamboa and L. Sepulveda, J . Colloid Interface Sci . , 113, 
566 (1986). 
47 
97. J.W. Larsen, L.J . Magid and V. Payton, Tetrahedron 
Let t . . 29, 2663 (1973). 
98. N.A. Mazer and G. Olofsson, J . Phys. Chem. 86, 4584 
(1982). 
99. P. Miikerjee, in "Solutions Chemistry of Surfactants", 
K.L. Mittal, Ed. Plenum Press , New York, Vol. 1, p .153 , 
1979. 
100. P.H. Elworthy, Kolloid-Z. 203, 67 (1965). 
101. T. Imae and S. Ikeda, J . Phys . Chem.. 90, 5216 (1986). 
102. G. Lindblora, B. Lindman and L. Mandell, J . Colloid 
Interface Sci. 42, 400 (1973). 
103. F. Reiss-Husson and V. Luzzati, J . Phys. Chem. 68, 
3504 (1964). 
104. T. Tominaga, T.B Stem and D F. Evans, Bull. Chem. 
Soc. Jpn. 53, 795 (1980). 
105. A. Abe, T. Imae and S. Ikeda, J. Colloid Polym. Sci . 
265, 637 (1987). 
106. T. Imae, A. Abe and S. Ikeda, J. Phys. Chem. 92, 
1548 (1988). 
107. S. Backlund, H. H^^iland, O.J. Kvammai and E. Ljosland, 
Acta. Chem. Scand. A36, 698 (1982). 
48 
108. K.G. G'dtz and K. Heckmann, J . CoUoid Interface Sc i . . 
13, 206 (1958). 
109. S. Hayashi and S„ Ikeda, J . Phys. Chem., 84, 744 
(1980), 
110. L. Sepulveda and C. Gamboa, J . Colloid Interface Sci. 
118, 87 (1987). 
111. J .H. Schulman, W. Stoeckenius and L. Prince, J . Phys . 
Chem., 63, 1677 (1959). 
112. K. Shinoda and S. Fr iberg, Advan. Colloid Interface Sc i . . 
4, 241, 281 (1975). 
113. S. Kumar and H.N, Singh, Colloids and Surfaces, 44, 
17 (1990). 
114. F.V.V. Vader, Trans. Faraday Soc.. 56, 1067, 1078 
(1960), 
115. L.M. Prince, Ed. , "Microemulsions", Academic Press , 
New York, 1977. 
116. J .E . Bovvcott and J .H. Schulman, j . Electrochem.. 54, 
283 (1955). 
117. L.M. Prince, J . Colloid Interface Sci . , 23, 165 (1967). 
118. L.M. Prince, J . Soc. Cosmet. Chem. .21 . 193 (1970). 
119- H. Saito and K. Shinoda, J . Colloid Interface S c i . . 24. 
10 (1967). 
49 
120. S. Friberg and I. Burasczenska, "Micellization, 
Solubilization and Micr-oemulsions", K.L. Mittal, Ed. 
Vol. 2, Plenum Press , New York, p . 791, 1977. 
121. E. Ruckenstein and J .C . Chi, J. Chem. Soc. Faraday 
Trans. , 71, 1690 (1975). 
122. E. Ruckenstein, J . Colloid Interface S c i . , , 6 6 , 369 (1978). 
123. E. Ruckenstein, Chem. Phys. Let t . , 57, 517 (1978). 
124. E. Ruckenstein and R. Krishnan, J . Colloid Interface 
Sci . . 71, 321 (1979). 
125. E. Ruckenstein and R. Krishnan, J . Colloid Interface 
Sci . , 75, 476 (1980); 76, 188, 201 (1980). 
126. J . Th. G. Overbeck, Faraday Disc. Chem. S o c , 65, 
7 (1978). 
127. A.M. Belocq, J . Biais, B. Clin, P. Lalanne and B. 
Lamanceau, J . Colloid Interface Sci . . 70, 524 (1979). 
128. D.S. Cafiso and W.L. Hubbell, Biochemistry, 17, 3871 
(1978). 
129. P.A. Winsor, Trans. Faraday S o c , 44, 376 (1948). 
130. P. A. Winsor, "Solvent Properties of Amphiphilic 
Compounds", PPs. 7, 57-60, 68-71, 190, Butterworths , 
London;. 1954. 
50 
131. P.A. Winsor, Chem. Reviews,^ 68, 1 (1968). 
132. W.C. Griffin, J . Soc. Cosmet. Chem.. 1, 311 (1949); 
5, 249 (1954). 
133. K. Shlnoda and H. Kunieda, J . Colloid Interface Sci . , 
42, 381 (1973) 
134. K. Shinoda, J. CoUoid Interface Sc i . , 24, 4 (1967). 
135. H. Saito and K. Shinoda, J . Colloid Interface Sc i . , 32, 
647 (1970). 
136. K. Shinoda and T. Ogawa, J . Colloid Interface Sci . , 24, 
56 (1967). 
137. K. Shinoda and H. Takeda, J . Colloid Interface Sc i . . 
32, 642 (1970). 
138. K. Kon-no and A. Kitahara, J . Colloid Interface Sci . . 
33, 124 (1970). 
139. K. Kon-no and A. Kitahara, J . Colloid Interface Sci . , 
34, 221 (1970). 
140. K. Kon-no and A. Kitahara, J . Colloid Interface Sci . . 
37, 469 (1971); 41, 47 (1972). 
141. K. Shinoda, H. Kunieda, T. Aral and J .H. Saijo, J. 
Phys. Chem., 88, 5126 (1984). 
142. Y. Barkat, L.N. Forthney, C. Lalanne-cassou, R.S. 
51 
Schechter, W.H. Wade, U. Weerasooriya and S.H. Yiv, 
Soc. Pet. Eng. J . , 23, 913 (1983). 
143. M. Bourrel, J . L . Salager, R.S. Schechter and W.H. Wade, 
J. Colloid Interface S c i . , 75, 451 (1980). 
144. S.J. Salter, in "Influence of Type and Amount of Alcohol 
on Surfactant-Oil-Brine Phase Behaviour and Proper t ies" , 
SPE preprint 6843. 
145. A. Gracia, L.N. Fortney, R.S. Schechter, W.H. Wade 
and S. Yiv, Soc. Pe t . Eng. J . , 22, 743 (1982). 
146. J.H. Schulman and T .S . McRoberts, Trans. Faraday S o c , 
42B, 165 (1946). 
147. M. Clausse, J . Peyre lasse , C. Boned, J . Hill, L. Nicolas-
Morgantini and A. Zradba, in "Surfactants in Solution", 
K.L. Mittal and B. Lindman, Eds . , Plenum Press , New 
York, Vol. 3, p p . 2583-1626, 1984. 
148. K.R. Wormuth and E.W. Kaler, J . Phys. Chem., , 91, 
611 (1987). 
149. R.L. Venable and D.M. Viox, J . Dispersion Sci . Technol. 
5, 73 (1984). 
150. R.L. Venable, K.L. Elders and J. Fang, J . Colloid 
Interface Sci . , 109, 330 (1986). 
151. D.O. Shah and R.M. Hemlin, Science, 171, 483 (1971). 
52 
152. H.N. Singh, S. Swarup, R.P. Singh and S.M. Saleem, 
Ber. Bunsenges Phys . Chem., 87, 1115 (1983). 
153. .. S. Kumar, S. Singh and H.N. Singh, J . Surface Sci . 
Technol., 2, 85 (1986). 
154. B. Llndmann, P . Sti lbs and M.E. Moseley, J . Colloid 
Interface Sc i . , 83 , , 569 (1981). 
155. P.G. Nilson and B. Lindman, J . Phys . Chem., 87, 4756 
(1983). 
156. S.G. Frank and G. Zografi, J . Colloid Interface Sc i . , 
29, 28 (1965). 
157. B.W. Ninham, S.J. Chai and O.F. Evans, J . Phys . Chem. 
88, 5855 (1984). 
158. B.H. Robinson, C. Toprakcioglu and J .C . Dore, J . Chem. 
Soc. Faraday Trans . , 80, 13 (1984). 
159. P. Llanos, J . Lang, C. Strazielte and R. Zana, J . Phys . 
Chem., 88, 819 (1984). 
160. W. Gerbacia and H.L. Rosano, J . Colloid Interface Sc i . , 
44, 242 (1973). 
161. J .H. Schulman and J .A. Friend, J , Colloid Sc i . , 4, 497 
(1949). 
162. R.L. Venable, J . Am. Oil Chem. S o c , 62, 128 (1985). 
163. R.L. Venable and D.A. Weingaertner, J . Dispersion Sci. 
Technol.. 4, 425 (1983),, 
53 
164. D.O. Shah, Annals of the New York Academy of Sciences, 
204, 125 (1973). 
165. V. Ramamurthy,. Tetrahedran Report No. 211, Tetrahedron, 
43, 5753 (1986). 
166. D.W. Armstrong, Sep. Purif. Methods, 14, 212 (1985). 
167. M.J. Rosen, Ed., "Surfactants in Emerging Technologies", 
Marcel Dekker, New York, 1987, 
168. A. Larenea, M. Valero, Rev. Acad. Cienc. Ext rac t s : 
Fis - Quim. Nat. Zaragoza, 35, 95 (1982). 
169. W.R. Scitz, CRC Crit . Rev. Anal. Chem., 1 (1981). 
170. L.A. Montano, J .D. Ingle, Anal. Chem., 51, 919, 926 
(1979). 
171. R.L. Veazey, T.A. Nieman, Anal. Chem..51, 2092 (1979); 
J . Chromatogr., 200, 153 (1980). 
172. D.O. Shah and R.S. Schechter, Eds . , "Improved Oil 
Recovery by Surfactant and Polyma" Flooding", Academic 
Press , New York, 1977. 
173. R. Hilhorst, C. Laane and C. Veeger, Proc. Natl. Acad. 
Sc i . , USA, 79, 3927 (1982). 
CHAPTER I I 
EFFECT OF AMINES ON THE SPHERE-TO-
ROD TRANSITION OF AQUEOUS IONIC 
MICELLES 
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The structure of micellar solutions of surfactants, 
i . e . , the s ize, shape and concentration of micellar associates, 
has been investigated on many occasions. It has been shown 
that as the surfactant concentration increases, the shape of 
the micellar associates changes from spherical to 
1-3 
cylindrical . Structural transitions in aqueous micellar 
systems have been well documented by several experimsital 
4-14 techniques . Recently small angle neutron scattering (SANS) 
technique has been widely used to s tudy the size and shape 
15-19 
of micelles . The sphere-to-rod transit ions for SDS and 
CTAB in aqueous micellar solutions were reported to occur at 
-1 -1 
concentrations of 1.16 mol kg and 0.27-0.34 mol kg 
1-3 12 
respectively at 25°C ' . Micellar s t ructura l transitions have 
been found to be very sensitive to severa l addi t ives . Addition 
4-7 8-13 
of salts and organic molecules has been found to enhance 
structural changes of micellar systems from sphere-to-rod. 
In many instances an abrupt increase in the viscosity of 
micellar solutions with increasing surfactant concentration or 
in the presence of addit ives has been interpreted in terms 
2 5 9-11 
of micellar sphere-to-rod transit ions ' • . A n increase in 
^ 1,2,12,14,20 . 21 *v, *K K ^ 
temperature and , pressure , on the other hand, 
seems to favour spherical micelles. 
Higher aliphatic amines to some extent and their sal ts 
to a larger extent, were found to aggregate in aqueous 
56 
22-24 
solutions . Despite the i r significance in microemulsions 
no attention has been paid so far to study the contribution 
25 
of long chain normal amines in micellar systems . Recently 
it was reported that the addition of n-amines decreases the 
CMC of ionic surfactants . Visualising the significance of 
micellar structure transit ions and the i r depaidence upon the 
nature of e lectrolytes , temperature and in some cases the 
influence of organic addi t ives such as alcohols, it v/as thought 
worthwhile to pursue a systematic and detailed study of the 
effect of al iphatic amines on the concentrated micellar 
solutions. 
In th is chapter the effect of n-amines on micellar 
structures of 0.3 m SDS and 0.1 m CTAB in aqueous media 
have been studied by viscosity and small angle neutron 
scattering measurements. From the temperature dependence 
of the viscosity of surfact.ant solutions in the presence of 
amines, the activation energies, Ea, for the viscous flow 
have been calculated. 
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EXPERIMENTAL 
(a) Materials: 
Sodium dodecyl sulfate (SDS), "specially pure" 
grade, obtained from BDH was recrystallized twice from 
ethanol-water mixture. Cetyltrimethylammoniumbromide (CTAB), 
"pro analysi" grade, obtained from Merck v/as recrystal l ized 
twice from acetone. Both the surfactants were dried at 40°C 
under moderate vacuum. The purity of surfactants was 
ascertained from the absence of minimum in the surface tension 
versus logarithm of concentration plots. The cr i t ical micellar 
_3 
concentrations of SDS and CTAB were 8.2 x 10 M and 
9.2 X lO' M respect ively at 25 = C. 
The amines, v i z . , n-hexylamine, n-heptylamine, 
n-octylamine were obtained from Fluka, "purum" grade while 
n-butylamine was a Riedel product. All the amines were- used 
as supplied. The amines were stored in a dry chamber. Every 
possible care was taka i to protect the amines from exposure 
to atmosphere and no moisture was allowed to enter the 
containers. D„0 of 99.8% purity was supplied from Heavy 
Water Division, BARC. Ordinary water was first demineralized 
by passing through an ion-exchange column. It was dist i l led 
twice in presence of alkal ine potassium permanganate in an 
all quick fit pyrex glass assembly. 
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(b) PreparatLon of solutions: 
0.3 m SDS and 0.1 m CTAB solutions wrare p repared 
by weighing and were used as mixed solvent to s tudy the 
effect of n-amines on i t s p roper t ies . The concentration of 
mixed so lva i t was fixea throughout the work. Different solutions 
of amines were prepared in each of surfactant solution (0 .3 m 
SDS/0.1 m CTAB) and the concentrations of amines were 
calculated as moles per kg surfactant , solution. Surfactant 
solutions in the presence of higher amines (heptylamine and 
octylamine) were throughly shaked for 3 to 4 hours after 
addi t ion. For small angle neutron scattering studies 0 .1 m 
CTAB was prepared in D„0. Solutions of various concentrations 
(0.02, 0.04, 0.06, 0.08 m) of n-octylamine in CTAB solution 
were prepared by weight. 
(c) Measurements: 
(i) Viscosity measurements: 
The viscosities of surfactant solutions were measured 
by an Ubbelohde type viscometer designed in our labora tory . 
To make measurements at constant temperature, the viscometer 
was immersed in a thermostatted water bath . The flow times 
of water at 25, 30, 35 and 40°C were 122.0, 109.9, 99.4 and 
90.4 respect ive ly . No kinetic corrections were made and the 
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flow of experimental solution was considered to be Newtonian. 
The re la t ive viscosity of a solution was calculated 
by using the relation: 
^ - ' ^ (1) 
0 0 0 
where '^ and "^  are the viscosi t ies , t and t are the flow 
0 O 
times for a fixed volume, d and d a re the densities of 
o 
solution and solvent respectively at experimental temperature. 
The density measuremaits were made by a pre-cal ibrated 
pycknometer. Viscosity measurements were made at 25, 30, 
35 and 40°C. At temperatures higher than 40°C the system 
would contain almost cnly spherical micelles (with relative 
viscosities similar to water ] , while at temperatures lov,er 
than 25°C solubility problems could a r i s e . The temperature 
of the tiath was controlled to an accuracy of ±0.01°C. 
(ii) Small Angle Neutron Scattering Measurements: 
SANS experiments have been carr ied out on a O . l c i 
CTAB Solution in D O in the presence of 0 .0 , 0.02, 0.04, 
0.06 and 0.08 m n-octylamine at 30°C. In o rde r to study the 
effect of temperature on the micellar s t ruc ture , SANS spectra 
were produced between 25°C and 50°C for a solution containing 
0.1 m CTAB and 0.08 m n-octylamine. This was done by 
keeping the solution in a quartz cell which v*as placed in a metal 
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heater . In the region of the neutron beam, the temperature 
gradient along the sample was l ess than 1°C. A reservoir 
at the top of the quartz cel l was maintained at room 
temperature, thereby avoiding evaporation of D„0 from the 
ce l l . The mesuremaits were made by using the SANS 
27 
spectrometer at the CIRUS reactor , Bhabha Atomic Research 
Centre, Bombay. The sample to detector distance was 1.8 
meter for all the runs. This spectrometer makes use of a 
BeO filtered beam with wavelength A = 5.2 A° and has an 
accesible wave vector transfer, Q, range 0.025-0.8 A . The 
wave vector transfer Q i s given b y -
Q^ * f " ° j2) 
A 
where 29 is the scattering angle. Scattered neutron intansity 
was calculated using the relation 
KQ) . 'saup - ^bkg _ ' D 2 0 " ^bkg ^33 
samp D_0 
where ' T = ^^"'"P " ^ ^ ^ 
^ ^ P ^D.B - ^bkg 
^ ^ ^D^O " ^bkg 
D^ O 
^ ^D.B." ^bkg 
1^ 1 . IT, r,i I and I_ _ a re the neutron intensities of 
bkg ' D.B samp D-O 
background, direct beam, sampled and D O respect ive ly . For 
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transmitance of sample (T^^^p) and D^O (T ) , I^^^, l^^^, 
I and I^ „ were measured at 9 equals to zero. Scattering 
samp D„0 ^ ° 
intensities from surfactant solution v/as corrected for detector 
background and sens i t iv i ty , empty cell scattering, incoherent 
scattering and sample transmission. Solvent intensity was 
substracted from that of the sample. 
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RESULTS AND DISCUSSION 
Measured dynamic viscosi t ies of aqueous micellar 
solutions and in the presence of various concentrations of 
n-amines at different temperatures are tabulated in Table I 
and II for SDS and CTAB respect ively . Plots of relat ive 
viscosity [''If'^ci] versus concentration of amines are sho\vn 
in Fig. 1 for SDS and Fig. 2 for CTAB. At- low molalities 
of amine the viscosity is seen to increase slowly as the amine 
is added gradually in very small amounts. These small changes 
in the viscosity may result from a small increase in the 
micellar volume due to solubilized amine in the micelle. The 
sudden increase in the re la t ive viscosit ies at higher 
molalities of amines might be due to a sharp transition in 
9-11 the shape of aggregates . It may also be seen from 
Figures 1 and 2 that for SDS system the effectiveness of 
amines leading to shape transition is in the order CoNfH_> 
C„bfH„ > C„NH„ and for CTAB micelles the order i s C„NH-> 
/ Z 0 /> o Z 
C„NH_. However, no shape transition was observed when 
butylamine was added to a 0.3 m SDS solution. In the case 
of 0.1 m CTAB solution no shape transition was observed by 
the addition of butylamine or hexylamine. 
There are atleast two factors responsible for 
determining the micellar shape transitions °"30^ Q^^^ ^^ ^ ^ 
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Table I : Dynamic viscosities for the viscous flow of 0.3 m SDS solution 
in the presence of n-alkylamines at various temperatures. 
Concentrat ion 
of amine 
{mol kg" ) 
0 
But yla mine 
0.05 
0.10 
0.15 
0.20 
Hexylamine 
0.025 
0.04 
0.05 
0.06 
0.075 
Heptylamine 
0 .01 
0.025 
0.04 
0.05 
0.06 
0.07 
Octylamine 
0 .01 
0.025 
0.04 
0.05 
0.06 
0.065 
25°C 
1.35 
1.40 
1.64 
1.81 
1.95 
1.43 
1.79 
2.68 
4.91 
10.85 
1.36 
1.51 
2.00 
3.40 
7.70 
15.73 
1.39 
1.54 
2.32 
4.65 
10.96 
17.97 
'n (cp) 
30° C 
1.21 
1.22 
1.40 
1.46 
1.56 
1.27 
1.50 
2 .09 
3 .43 
6 .20 
1.22 
1.33 
1.65 
2 .37 
4 . 5 8 
7 .63 
1.23 
1.35 
• 1.87 
3 .30 
6 .58 
9 . 9 1 
35°C 
1.09 
1.09 
1.19 
1.24 
1.25 
1.31 
1.27 
1.64 
2 .41 
3 .58 
1.09 
1.17 
1.36 
1.76 
2 .91 
4 . 2 1 
1.11 
1.18 
1.52 
2 .35 
3 .98 
5.52 
40° C 
-
-
1.03 
1.03 
1.01 
-
1.07 
1.30 
1.73 
2.12 
-
1.04 
1.13 
1.41 
2 .01 
2.64 
-
1.04 
1.24 
1.71 
2.47 
3.16 
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Table n : Dynamic viscosi t ies for the viscous flow of 0.1 m CTAB solution 
in the presence of n-aIkylamines at various temperatures. 
Concentration 
of amine 
(mol k g ' ) 
0 
Butylamine 
0 .1 
0.2 
0 .3 
0.4 
Hexylamine 
0.10 
0.25 
0.35 
0.45 
Heptylamine 
0.05 
0.075 
0.10 
0.125 
0.15 
0.175 
0.20 
Octylamine 
0.02 
0.04 
0.06 
0.075 
0.085 
25°C 
1.214 
1.229 
1.247 
1.258 
1.272 
1.24 
1.36 
1.78 
2.34 
1.27 
1.47 
1.87 
2.80 
4.83 
7.09 
9.54 
1.24 
1.61 
2.46 
5.59 
18.91 
11 (cP) 
30°C 
1.076 
1.094 
1.108 
1.112 
1.113 
1.10 
1.20 
1.54 
2 .01 
1.10 
1.18 
1.45 
2.00 
3.15 
4 .38 
5.34 
1.09 
1.36 
1.67 
3 .04 
7.71 
35°C 
0.969 
0.977 
0.987 
0.986 
0.991 
0 .98 
1.07 
1.35 
1.73 
0.99 
1.02 
1.12 
1.44 
2.07 
2.73 
3.02 
0.97 
1.15 
1.26 
1.95 
3.86 
40° C 
-
— 
-
-
-
-
-
-
-
_ 
-
-
1.05 
1.38 
1.74 
1.75 
_ 
0.98 
1.03 
1.38 
2.29 
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o 
C 
t Buty lamine 
A Hexylamine 
A Heptylaminc 
0 Octylamine 
Concent ra t ion of amine / ( mole kg ) 
Fig.1 Relat ive v iscos i t ies of 0-3 m SDS m i c e l l a r so lu t ions 
as a funct ion of added n - a m i n e s at 298* 15 K 
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22 
18 
U 
o 
C 
• Butylamine 
i Hexylamine 
A Heptylamtne 
0 Octylamine 
Concent ra t ion of amine / ( mole, kg " ) 
Fig.2 Relat ive v i scoc i t i es of 0-1 m CTAB m i c e l t c r solut ions 
as a l u n c t i o n of added n - amines a t 298-*5 K 
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electrostat ic repulsion betv;?een the headgroups and the other 
is the interfacial term originating from the remaining 
hydrocarbon-water interface in the aggregate. The first term 
favours micelles with a high surface area per headgroup, 
i . e . , spher ical micelles, whereas the second one t r ies to 
achieve aggregates with tightly packed headgroups, that is 
rods or d i s c s . The high ionic strength in micellar solutions 
ei ther by added electrolytes or by increased surfactant 
concentrations in the case of ionic surfactants suppresses the 
electrostat ic repulsions and favours the formation of 
2 4-7 
non-isometric aggregates due to the interfacial term ' 
31 Mukerjee proposed that an addi t ive which is surface active 
to a hydrocarbon-water interface will be mainly solubilized 
at the micellar surface and will be found to promote the 
sphere- to-rod transition. Longer chain alcohols are found to 
fl—1 2 
enhance micellar sphere-to-rod transit ions . However, 
amines are more surface active than alcohols at air-water 
32 interface . Also, n-alkylamines of C. to C.„ have been found 4 10 
to be solubilized in SDS and CTAB micelles by electrostatic 
and hydrophobic effects, and the amino group is left on the 
33 
surface of the micelle . These solubilized amines have been 
34 35 
reported to form mixed micelles with ionic surfactants ' 
In view of the i r high surface ac t iv i ty , higher solubilization 
power in micelles, the amines are expected to enhance sphere-
68 
to-rod transi t ions more effectively. Our r e su l t s on the effect 
of amines a re consistait with these f indings. It can be seen 
from Figures 1 and 2 that no substantial change in viscosity 
of 0.3 m SDS and 0.1 m CTAB micellar solutions is observed 
In the presence of butylamine and hexylamine. This is because 
of the lower chain amines with carbon chain upto C., being 
highly soluble in water, are part i t ioned more in aqueous 
phase than in the micellar phase. Hence no substancial change 
in the viscosi ty is produced by these amines. 
Another factor which is responsible for partitioning 
of amines in the aqueous and micellar phases is the degree 
of protonation of amines and also the charge on the micelles. 
-4 Amines a r e weak bases; K, -::== 10 for most short-chained b 
amines and can be hydrolysed as 
R-NH + H^O V ^"^^3 + ° " ~ (4) 
The degree of protonization is given by 
^ = RNHg / ( R N H " + RNH )^ (5) 
Values of ci were reported to increase in the presence of 
33 SDS micelles and decrease in the presence of CTAB micelles 
An increased number of oL , due to e lect ros ta t ic attraction 
in the presence of SDS micelles faci l i tates the solubilization 
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of more amine molcules at negatively charged SDS micellar 
surface. Solubilization of these protonated amines, R-NH_ in 
anionic micelles decreases the repulsion between surfactant 
headgroups and favours the formation of rod-l ike micelles 
even at low concentrations of amines. In case of SDS-amine 
micellar system the electrostatic parameter (decrease in 
repulsion between headgroups) predominates hydrocarbon-water 
interfacial term because of the oppositely charged headgroups 
of surfactant and amine molecule. Hence in Table 1 and Fig. 1 
a lower dominance of hydrophobicity of amines may also be 
seen from the viscosi ty data of SDS micellar solutions with 
increasing chain length of amines. 
In contrast , due to the depression of the ionization 
of amines in the cationic environment on the surface of CTAB 
micelle, the protonated amine molecules are not attracted to 
the surface of CTAB micelles as in the case of SDS micelles. 
Hence a very small number of amine molecules come in close 
proximity of CTAB micelles; therefore the solubilization of 
amines is not charge induced solubilization as in the case 
of SDS, but i t i s simply due to hydrophobic interaction. The 
increase in the viscosity of CTAB micellar solution with 
increase in chain length of amine, (Table II and Fig. 2) i s 
due to the predominance of hydrophobic interactions than 
electrostatic parameter . Since electrostat ic repulsion are large 
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in CTAB micellar sys tems than in SDS micellar systems amines 
are more effective in structural transitions of SDS micel les . 
The viscosi ty of micellar solution was found to 
decrease with increasing temperature. The temperature 
dependence of v iscos i ty i s usually expressed by an Arrhenius 
type of equation: 
E /RT 
^ = A. e ^ (6) 
where E is the activation aiergy for viscous flow and T 
3 
is absolute temperature. E values obtained from the slopes 
of plots of InC^)) versus 1/T are tabulated in Table III and 
IV respectively for SDS-amine and CTAB-amine systems. 
Arrhenius plots for SDS and CTAB systems in the presence 
of various amines a r e shown in Figures 3(a) - 3(d) and 4 (a ) -
4 (d) . In a l l micellar solutions linearity in Arrhenius plots 
have been observed in the range of temperatures studied (Fig. 
3(a)-4{d)) . Variation of activation aiergy for viscous flow 
of micellar solution as a function bf added n-amines for SDS 
and CTAB systems a r e shown in Fig. 5 and 6 respec t ive ly . 
It may be seen from Figure 5 and 6 that for SDS 
and CTAB micellar solutions, at low contents of higher amines, 
E is close to 17 k j mol , This value is charac ter i s t ic of 
a 
spherocolloids ' . The resul ts in Table n i and Figure 5 
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Table III: Activation energies for the viscous flow of 0.3 m SDS micellar 
solution in the presence of n-alkylamines 
Concentration 
of amine 
- 1 (mol kg ) 
0 
Butylamine 
0.05 
0.10 
0.15 
0.20 
Hexylamine 
0.025 
0.04 
0.05 
0.06 
0.075 
Heptylamine 
0.01 
0.025 
0.04 
0.05 
0.06 
0.07 
Octylamine 
0.01 
0.025 
0.04 
0.05 
0.06 
0.065 
25°C 
0.30 
0.34 
0.49 
0.59 
0.67 
0.36 
0.58 
0.99 
1.59 
2.39 
0.31 
0.42 
0.70 
1.22 
2.04 
2 .76 
0.33 
0.43 
0.84 
1.54 
2.39 
2.89 
In (fi ) 
30°C 
0.19 
0.20 
0.33 
0 .38 
0.44 
0 .24 
0 .41 
0.74 
1.23 
1.83 
0.20 
0.29 
0.50 
0.86 
1.52 
2.03 
0 .21 
0.30 
0.63 
1.19 
1.88 
2.29 
35°C 
0.08 
0.09 
0.18 
0 .21 
0.22 
0.12 
0.24 
0.49 
0 .88 
1.28 
0.09 
0.16 
0 .31 
0.57 
1.07 
1.44 
0.10 
0.16 
0.42 
0.86 
1.38 
1.71 
40°C 
-
-
0.03 
0.03 
0.01 
-
0.07 
0.26 
0.55 
0.75 
-
0.04 
0.12 
0.35 
0.70 
0.97 
-
0.04 
0.22 
0.53 
0.90 
1.15 
Slope 
(KxlO ) 
2.012 
2.261 
2.888 
3.471 
4.126 
2.203 
3.185 
4.511 
6.507 
10.176 
2.065 
2.345 
3.575 
5.473 
8.375 
11.114 
2.086 
2.466 
3.911 
6.242 
9.287 
10.828 
E 
^ -1 (kJmol ) 
16.73 
18.80 
24.01 
28.86 
34.30 
18.31 
26.48 
37.50 
54.10 
84.61 
17.17 
19.50 
29.72 
45.50 
69.63 
92.41 
17.34 
20.50 
32.52 
51.90 
77.22 
90.03 
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Table IV: Activation energies for the viscous flow of 0.1 m CTAB micellar 
solution in the presence of n-alkylamines 
Concentration 
of amine 
-1 (mol kg ) 
0 
Butylamine 
0.1 
0.2 
0.3 
0.4 
Hexylamine 
0.10 
0.25 
0.35 
0.45 
Heptylamine 
0.05 
0.075 
0.10 
0.125 
0.15 
0.175 
0.20 
Octylamine 
0.02 
0.04 
0.06 
0.075 
0.085 
25°C 
0.19 
0.21 
0.22 
0.23 
0.24 
0.21 
0.31 
0.57 
0.85 
0.24 
0.38 
0.62 
1.03 
1.57 
1.96 
2.25 
0.21 
0.48 
0.90 
1.72 
2.94 
30°C 
0.07 
0.09 
0.10 
0.11 
0.11 
0.10 
0.18 
0.43 
0.70 
0.10 
0.16 
0.37 
0.69 
1.15 
1.48 
1.67 
0.08 
0.30 
0.51 
1.11 
2.04 
-Ln (71 ) 
35°C 
-0 .03 
-0.02 
-0 .01 
-0.01 
-0 .01 
-0.02 
0.06 
0.30 
0.55 
-0 .01 
0.02 
0.11 
0.36 
0.73 
1.00 
1.10 
-0.03 
0.14 
0.23 
0.67 
1.35 
40° C 
-
-
-
-
-
-
-
-
-
-
-
-
0.05 
0.32 
0.55 
0.56 
— 
-0 .03 
0.03 
0.32 
0.83 
Slope 
(KxlO^) 
2.067 
2.108 
2.147 
2.234 
2.289 
2.109 
2.263 
2.515 
2.805 
2.333 
3.308 
4.693 
6.121 
7.787 
8.762 
10.562 
2.273 
3.131 
5.400 
8.662 
13.130 
E 
^ -1 
(kJ mol ) 
17.18 
17.53 
17.85 
18.57 
19.03 
17.54 
18.82 
20.91 
23.32 
19.40 
27.50 
39.02 
50.89 
64.75 
72.85 
87.82 
18.90 
26.03 
44.90 
72.02 
109.16 
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clearly indicate that the SDS micelles a re spherical in the 
presence of butylamine, and also at ve ry low concentrations 
of higher amines. An abrupt increase in activation energy 
for viscous flow infers, a sharp change in the shape of the 
micelle from sphere-to-rod as the concentration of amine is 
increased. It may be seen from Table IV and Fig. 6 that 
the CTAB micelles remain spherical in the presence of 0.4 m 
butylamine and hexylamine. However, the shape transition 
of CTAB micelles occurs at higher amine concentrations 
compared with SDS micelles. Amines are more effective than 
alcohols in micellar sphere-to-rod transitions of SDS and 
CTAB. Comparing our results to the studies on the same 
micellar systems in the presence of alcohols^ ' , it seems 
to be very small amount of amines enhance micellar sphere-
to-rod transitions of SDS and CTAB. 
Small angle neutron scattering measurements : 
SANS distribution 1(0) for a micellar solution i s given 
K • 37 
by an expression : 
I{Q)==:;P{Q) S{Q) (7) 
Where P(Q) is the form factor associated with the micelle 
and is determined by the shape and size of the micelle; 
S(Q) is the structure factor arising from the intermicellar 
80 
interference effect and is determined by the spatial 
distribution of the micelles. The position of the peak in the 
measured I(Q) "is connected with a corresponding peak in S(Q) 
and will depend on the intermicellar separation. 
SANS spectra from 0.1 m CTAB for different 
concentrations of n-octylamine at 30°C are shown in Figure 7. 
Figure 7 shows that by increasing amine concentration, the 
peak in SANS spectra shifts to lower Q values. This shift 
is due to an increase in the intermicellar separation resulting 
from the micellar shape transition from sphere to rod or 
17 disc-l ike . The size of the micelle also depaids on the 
concentration of amine which assumes an optimum size at a 
certain maximum concentration of added amine, Figure 8 shows 
the effect of temperature on SANS spectra of 0.1 ra CTAB + 
0.08 m octylamine where large rod shaped micelles are 
present. It may be seen from Fig. 8, that the peak in 
spectra shifts to higher Q values by increasing temperature. 
This shift may be interpreted in terms of decrease in 
intermicellar distance due to breaking of larger micelle into 
smaller ones on heating. 
The variation of 1 and Q (wave vector at 
max max 
maximum scattered intaisi ty] with added octylamine 
concentration and temperature are shown in Table V and VI 
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respect ively. Assuming that micelles a re spherical and the 
order of the globular micelles in solution is a face-centred-
cubic l ike closed-pack stiructure, then the mean Intermicellar 
15 distance D i s given by 
D = 2"'^(4000 n'/N^[CTABU-'-^^XloV 18) 
where n is the mean aggregation number of micelles, N is 
the Avogadro number and [CTAB] i s t h e c o n c e n t r a t i o n 
3 8 
of CTAB in s o l u t i o n . More r e n c e t l y VVu, e t a l . , have 
g iven an a c c u r a t e r e l a t i o n f o r Q and D namelv 
" max 
Q D = 6 .8559 + 0 .0094 D 
max 
Where Q i s t he wave v e c t o r at maximum s c a t t e r e d 
max 
i n t e n s i t y . The mean a g g r e g a t i o n number of m i c e l l e s 
a r e d e t e r m i n e d from E q u a t i o n (8) by u s i n g D v a l u e s 
o b t a i n e d from E q u a t i o n ( 9 ) . S i n c e n - o c t y l a m i n e i s 
known to form mixed m i c e l l e s v / i t h CTAB ' , and 
assuming t h a t t h e e n t i r e amine i s p r e s e n t in m i c e l l a r 
p h a s e , t he c o n c e n t r a t i o n of CTAB u s e d in Equa t ion (8) 
may be t aken as the sum of [CTAB] and oc ty l amine 
c o n c e n t r a t i o n s . The c a l c u l a t e d v a l u e s of D and n for 
v a r i o u s s p e c t r a a r e t a b u l a t e d i n T a b l e V and VI. 
I t was obse rved t h a t for Q^ 0 .07 A~ a l l 
measured s p e c t r a a re s i m i l a r . They show l i n e a r 
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log I(Q) v s Q behaviour with the same slope. At high Q 
( Q > 0.07 A"-*-) region where S(Q):=:;i, I(Q) is related to R 
, 39 by : 
I(Q)-<: e-Q ^g/^ (10) 
where R is the radius of gyration, R can be calculated g ^ g 
2 from the slope of the plot of In I(Q) versus Q . Radius of 
40 
micelle, R i s given by 
R = / 5 / 3 R (11) 
8 
2 
Plots of In I(Q) versus Q fbr CTAB micellar solutions 
in the presence of various concentrations of octylamine and 
at various temperatures are shown in Figure 9 and 10. Values 
of R and R are tabulated in Tables V and VI. Data from 
8 
pure CTAB solution (in absence of amine), give a radius of 
28.5±0.5 A and aggregation number of 238. Our results for 
0.1 m CTAB in D O are in good agreement with the resul ts 
17 1 fl 
obtained by Goyal et a l . . However Berr reported that 
CTAB micelles in D„0 are elipsoidal with a = 25.7 and 
b = 29.6 A°. 
It may be seen from Table V, that the radius of 
micelle decreases with inci'easing concentration of amines. 
Whereas intermicellar distance (D) and aggregation number 
(n) follow the r eve r se trend with concentration of amine. From 
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a 
0-08 m 
0 - 0 6 m 
0-005 0-01 0-015 0-02 
«V - 2 
Fig. 9 Plots of Ln I ( Q ) against 0 fo r 0-1 m CTAB s o l u t i o n 
In the p resence of n - oc- ty lomlne a t 30 " c . 
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a 
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Fig.10 P l o t s on Ln I ( Q ) a g a i n s t Q*^  f o r 0 -1 m CTAB + 0 - 0 8 m 
n - o c t y l o m i n e s o l u t i o n at d i f f e r e n t t e m p e r a t u r e s . 
89 
these observations we believe that with t he addit ion of amine 
to the CTAB solution, two or more of amine solubilized CTAB 
micelles join together to form a cyl indr ica l micelle with the 
radius shown in Table V. 
Increasing temperature does not affect the radius of 
amine solubilized CTAB micelles (0 .1 m CTAB + 0.08 m C-NH^ 
o L 
system), while inter micellar distance and aggregation numbers 
decrease (see Table VI). These resu l t s can be interpreted 
in terms of breaking of large cyl indrical micelle into smaller 
ones on heating without causing any change in the radius of 
the mixed micelles. 
Figure 11 shows tlie variation of mean aggregation 
number as a function of added n-octylamine at 30°C. 
Aggregation number seems to increase l inearly with added 
amine above 0.02 m octylamine concentration. The sharp break 
in aggregation number at 0.02 m octylamine concentration must 
correspond to the sphere-to-rod transit ion of CTAB micelles 
in D O . Variation of aggregation number with temperature is 
shown in Figure 12. Aggregation number seems to decrease 
linearly with increasing temperature. Increasing temperature 
decreases the size of micelle without any change in shape. 
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CHAPTER I I I 
EFFECT OF ALCOHOLS AND TEMPERATURE ON 
THE STRUCTURAL TRANSITIONS OF CTAB 
MICELLES IN AQUEOUS POTASSIUM BROMIDE 
SOLUTION 
97 
Aqueous micellar solutions a re known to solubilize 
water Insoluble or slightly soluble organic compounds . Studies 
on the sphere- to-rod transition achieved by ei ther increasing 
surfactant concentration, adding sal ts in d i lu te aqueous solutions 
or by incorporating some suitable add i t ives has been the 
subject of interest in the recent past from many applied aspects 
point of view. From a practical point of view, the presence 
of rod-shaped micelles gives solutions of a very high viscosity 
which might be of importcince in indus t r ia l formulations of 
detergent solutions. For example in cosmetics, building of high 
viscosity of shampoos have far more consumers appeal than 
the less viscous ones. Similarly the most viscous type of liquid 
detergents with comparatively smaller amounts of active matter 
are more economic one have higher consumer attraction. Similar 
reasionings are also valid for food and pharmaceutical 
preparations. Apart from these p roper t i e s micellar structures 
2 
play an important role in solubilization and micellar 
* 1 - 3 , 4 
catalysis 
As specified in the preveious chapter, micellar 
structures a r e sensi t ive to the presence of sa l ts and alcohols 
(Chapter II , References 4-13). High v i scos i t i e s observed for 
5 6 
CTAB solutions in the presence of sa l t s or hexanol have been 
interpreted in terms of micellar sphere - to - rod transitions which 
occur over a certain range of concentraticm of ei ther surfactant 
98 
7 
or addit ive. Larsen et a l . found that from viscosity 
measurements, hexanol had pronounced effect on structural 
transitions of micelles in 0.1 M CTAB - 0.1 M NaBr while in 
absence of NaBr the effect of hexanol was small. Temperature 
studies on the concentrated micellar systems with and without 
added electrolytes indicated that an increase in temperature 
favours the conversion of rod- l ike micelles into spherical 
Q_-[ -| 
ones , The more structured rod shape micelles, as compared 
to spherical micelles can be related more closely to the 
formation of biolo§ical s t ruc tures . It has been reported that 
the high viscosity possessed by a 0.1 M CTAB in presence 
of the same molar concentration of KBr has been due to the 
9 
presence of rod-shaped micelles . 
In this chapter , the effect of addition of various 
alcohols on the viscosi ty of 0.1 M {0.104 m) CTAB - 0.1 M 
{0.104 m) KBr solution has been s tudied. In order to estimate 
the energy involved in the rod- to-sphere transition of 
aggregates, the activation enthalpy, A H for the viscous flow 
has been calculated. The A H values seem to be more important 
contribution related to the rupture of cylindrical micelles to 
give smaller a g g r ^ a t e s . The process of breaking of cylindrical 
aggregates to small fragments as a result of temperature increase 
is directly related to activation enthalpy. The activation free 
energy term, A G determined for the process may be due to 
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the contribution of several factors. For example i t may include 
energy required to create a hole in the solvent for accepting 
the smallest broken cyl indr ical micelles, and reorganisation 
of the micelles in t he i r transit ion to smaller cyl indrical 
micelles to end up in spher ica l micelles as the temperature 
g 
is increased . Therefore from the temperature dependence of 
viscosity of concentrated surfactant solutions in the presence 
of added alcohols and s a l t s , the activation free energies ^G ), 
enthalpies ( A H ) and entropies ( A S ) for the viscous flow 
have been determined. 
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EXPERIMENTAL 
(a) Materials: 
Cetyltrimethylammoniumbromide (CTAB) and potassium 
bromiide (KBr] obtained from Merck were "pro analysi" grade. 
KBr was ignited for one hour and was kept in a dessicator 
t i l l use . The alcohols, v iz . ethanol , n-propanol, n-butanol and 
n-hexanol were obtained from BDH (99% pure) while n-pentanol 
was a Riedel Product (99%). All alcohols were used as 
suppl ied . Demineralised water red is t i l led from alkaline 
potassium permanganate was used. 
(b) Preparation of solutiicns: 
0.1 M CTAB in 0.1 M KBr solution was prepared by 
weighing required amounts of CTAB and KBr in a single 
volumetric flask with d is t i l led water. The solution thus 
obtained was used as a stock solution or a solvent to study 
the effect of alcohols on i t s p rope r t i e s . The concentration of 
mixed solvent was fixed throughout the work. Different solutions 
of alcohols were prepared in mixed solvai t (O.IM CTAB + 0.1 M 
KBr) system and the concentraitions of alcohols were calculated 
as moles per kg of mixed solvent. 
101 
(c) Viscosity measurements: 
The viscosi t ies of the solutions were measured in 
Ubbelohde viscometers thermostatted at . a fixed temperature. 
Since the viscosi t ies were highly depaident on the ra te of flow, 
the method used for viscosi ty measurements under newtonian 
flow conditions was same as described by Gamboa and 
5 
Sepulveda . For t h i s purpose, a wide U-shaped tube containing 
water was connected to the branch of the viscometer which 
under normal operation conditions is opai to the atmospheric 
pressure . This device allowed us to change the pressure , p 
under which the solution flows and thus to obtain viscosity 
values at different ra tes of flow from the slopes of the straight 
lines p versus 1/t according to the well-known Poiseuille 
equation 
p =ri X A X i (1) 
Where t i s the time of flow of the solution in a given 
viscometer, A i s a characterist ic constant of t he viscometer 
(obtained by calibration with liquids or solutions of known 
viscos i t ies ) , and T] the specific viscosi ty. Relative viscosity 
of s o l u t i o n s ^ / ^ Q i s given by7?/77 = t / t , where to i s the flow 
time for the solvent. Density corrections were not made since 
12 it was found that these were negligible . Micellar transition 
from larger aggregates to smaller ones were studied by the 
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temperature depoidence of the viscosities of the systems. 
Relative viscosi t ies were measured at 25, 30, 35 and 40° C. 
In m.any cases, at temperatures higher than 40°C, - the system 
would contained almost only spherical micelles (with re la t ive 
viscosi t ies similar to water) , while at temperatures below 25°C 
solubili ty problems restricted the measurements. The 
temperature of the bath was controlled to an accuracy of 
±0.01°C. 
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RESULTS AND DISCUSSION 
Experimental values of re la t ive viscosi t ies , ^/^l^^ , of 
0.1 M CTAB in aqueous 0.1 M KBr and in the preseice of 
various concentrations of n-alcohols at different temperatures 
are tabulated in Table I. Plots of ln{^/)^ ), where ^ ^ ° 1 o ^ ^ 
the viscosit ies of the solution and the solvent respecdvely, 
versus the concentration of alcohols are shown in Figure 1, 
From Fig. 1 i t may be seen that the re la t ive visccsiiies of 
micellar solutions in the presaice of butanol and paitanol 
increase abrupt ly upto a certain concentration and then decrease 
as the concentration of added alcohol increases . 
It may be seen from the data that the aoGition of 
ethanol or 1-propanol, upto about 0.1 m concentration, does 
not affect the viscosity of micellar solutions. Adciticn of 
alcohols above 0.1 m concentration, however showed a gradual 
decrease in viscosi ty. This indicates that the shorter chain 
alcohols are not effective in low concentrations in changing the 
shape and size of the aggregates, whereas at higher 
concentrations the rod-shaped micelles are broken into smaller 
aggregates and the viscosi ty of the solutions finally correspcnds 
to the viscosity of the spherical micel les . This is because 
short chain alcohols are mainly hydrophi l ic molecules with 
an excellent solubili ty in water, and are partitioned more in 
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Table I: Relative viscosities of 0.1 M CTAB + 0.1 M KBr solutions in 
the presence of various concentrations of n-alcohols at different 
temperatures 
Alcohol 
-
Ethanol 
Propanol 
Butanol 
Pentanol 
Hexanol 
Concentration 
n f ^1 r*oV '^^ '' 
Ol d i b U l 
(mol kg 
0 
0.1 
0.5 
1.0 
2 0 
0.01 
0.05 
0.10 
0.15 
0.50 
1.00 
0.01 
0.05 
0.10 
0.20 
0.50 
0.01 
0.05 
0.10 
0.15 
0.25 
0.30 
0.01 
0.05 
0.06 
-1 25°C J 
7.50 
7.42 
4.03 
2.29 
1.48 
7.50 
7.84 
8.16 
7.40 
3.55 
1.46 
8.67 
25.81 
58.64 
27.94 
2.22 
22.31 
1079 .15 
1199.50 
137.86 
20.70 
Turbid 
79.95 
6199.50 
12445.80 
Relative viscosi ty 
30°C 
3.58 
3.52 
2.33 
1.63 
1.42 
3.59 
3.88 
4.17 
3.87 
2.18 
1.36 
4.27 
9.55 
15.93 
10.55 
1.75 
8.48 
229.54 
381.33 
69.58 
13.90 
9.31 
22.55 
1808.00 
3463.00 
35°C 
2.10 
2.12 
1.57 
1.32 
1.35 
2.17 
2.28 
2.29 
2.27 
1.48 
1.30 
2.48 
4.12 
5.85 
4.05 
1.49 
3.94 
42.90 
105.60 
31.59 
10.15 
7.39 
8.00 
544.60 
992.30 
^^IV *^ ' LO 
40°C 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
11.02 
30.85 
-
6.88 
5.44 
-
170.70 
298.90 
o 
c 
ethcnot 
p ropano l 
butanot 
pentanot 
hexanot 
0 0-2 0-4 0-6 0-8 1-0 1-2 T-^ 1-6 1-8 2-0 
-1 Concentra t ion of a l c o h o L / ( m o l kg ) 
Flg. l Logar i thms of re la t i ve v i s c o s i t i e s of 0-1M C T A B + 
0-1M KBr so lu t ions as a f u n c t i o n of added n -
a l coho ls at 298-15 K 
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the aqueous phase than iri the micellar phase. These alcohols 
are found to affect the water structure ' more efficiently 
hence they cause t h e larger micelles to break into smaller ones. 
The hydrophi l ic character of these alcohols may also cause 
them to be incorporated in the palisade layer or may be 
adsorbed at the micellar interface. This adsorption i s believed 
to lower the interfacial tension of the micelles, so much that 
the thermal energy can break the rods into spherical micelles. 
Such transi t ions, from rod-to-sphere by the addition of lower 
alcohols (C_-C^) to dodecyltrimethylammoniumbromide - sodium 
salicylate micelles and micellar growth in the presence of 
higher alcoliols (C_-C ) have been reported from 
15 light-scattering measurements 
Viscosity increments at low concentrations of higher 
alcohols (C.-Cp) could be interpeted in terms of formation of 
larger micellar aggregates owing to their incorporation into the 
micelles. The decrease in the viscosity of micellar solutions 
on further addition of butanol and peitanol (Fig. 1) is a result 
of the breaking of larger aggregates into small rods . In the 
case of 1-butanol the small rods may further break into 
spherical micelles at a s t i l l higher concentration of alcohol. 
However, no such fall in viscosity could t)e observed by 
adding hexanol in higher concentrations upto i ts solubili ty limit. 
This indicates that alcohols with a chain length longer than 
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Cj. are not effective in breaking the larger aggregates, 
o 
however, they do promote a growth of rods in the presence 
of e lec t ro ly tes . Similar behaviour has been reported for 
aqueous CTAB micellar systems in the presence of sal ts and 
,6 ,7 ,16 hexanol 
In general the appearance of maxima in plots of ln[^JT}^] 
versus concentration for butanol and pentanol (Fig. 1) may 
be explained en the basis of the ' effect of alcohols on 
micelles and en the solvent. These are the solubilization 
of alcohols in micelles and their effect on water s t ructure . 
The viscosi ty increases owing to increase in micellar size 
upto a certain limit of concentration by the solubilization 
of alcohols Into the micelles. Further addition of alcohol 
beyond the optimum concentration affects the water s tructure 
more predominantly, resulting in the breaking of aggregates 
to re la t ively smaller ones, emd hence a gradual decrease 
in viscosity is observed. Such maxima in aggregation 
behaviour in the presence of lower alcohols have been 
17 
studied by Zana et a l . . Higher-chain alcohols do not affect 
water structure appreciably, Ibut could efficiently influence 
the aggregation behaviour of surfactants e i ther by 
incorporating into the micelles or by forming mixed micelles 
with ionic surfactants ' . The formation of such giant 
aggregate structures is reflected in the viscosity curve for 
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hexanol in Fig. 1. 
Rod-to-sphere transit ions of CTAB micelles in tlie 
presence of KBr and alcohol have also bsen studied by the 
temperatiire dependence of viscosi t ies . The viscosity of the 
micellar solution was found to decrease with increasing 
tempsrature. Plots of ln(T] /T[^) versus 1/T for micellar 
solutions in the presence of various alcohols are shown in 
Figures 2(a) to 2(e) . T h e . observed linearity of the InC^/r^J 
versus 1/T plots can be interpreted in terms of the 
equation : 
ln(9|/7^) = In A + A G" /RT (2) 
Where A is a constant and A G is the activation free energy 
for viscous flow. The densi t ies of the solutions were very 
close to the density of water, haice by neglecting kinematic 
corrections, values of the activation free e iergy, A G , were 
calculated from the slopes of straight lines obtained from 
plots of InCj/)^^ ) versus 1/T. The correlation coefficients 
for the linear variation of ln(7[/) | ) with 1/T and calculated 
J* 
A G values for these micellar s\'stems are tabulated in 
Table II. 
The activation enthalpy, A H , for viscous flow was 
calculated from the temperature dependence of A G by using 
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the relation 
B(l/T) 
= AH (3) 
The variation of A G ^ / T with 1/T for micellar 
solutions in the presence of various alcohols are shown in 
Figures 3(a) to 3(e). A H ' values were calculated from the 
slopes of straight lines obtained from, A G"/T versus 1/T 
plots. Entropic contribution, A s ' to the activation free energy 
was calculated from the obtained values of A G'' and A H " . 
A H and A S values thus obtained are tabulated in Table III. 
The variation of A H with concentration of various alcohols 
are shown in Fig. 4. 
It may be seen from the results in Table II and III, 
A * A * 
that A H values cover almost the total contribution to A G , 
and accordingly the entropic contribution is zero. Further, 
the observed linearity in the ln(1/)7^) versus 1/T plots also 
implies that the enthalpic and entropic contributions toAG 
are independent of temperature. The energy involved in the 
transition from larger aggregates to smaller aggregates is 
A * 
reflected by the A H values, which seems to be the more 
important contribution, related to the rupture of cylindrical 
micelles to give smaller aggregates. 
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Table m : Activation enthalpies and a i t ropies for the viscous flow of 0.1 M 
CTAB + 0.1 M KBr solution in the presence of various 
concentrations of n-alcohols 
Concentration 
of alcohol 
(mol kg" ) 
0 
Ethanol 
0.1 
0.5 
1.0 
2.0 
(AG^ 
25^0 
7.79 
7.67 
5.77 
3.37 
0.56 
* / T ) / 1 0 " 
30°C 
7.66 
7.54 
5.68 
3.32 
0.55 
•2 -Kcal mol 
35°C 
7.54 
7.42 
5.58 
3.26 
0.54 
-^K-^ 
40°C 
-
— 
-
-
-
AH* • 
(kcal 
mole ) 
23.26 
22.86 
17.22 
10.06 
1.68 
As"^  
(lO^cal 
mole ) 
7.67 
-0.67 
3.73 
0.77 
0.03 
Propanol 
0.01 
0.05 
0.10 
0.15 
0.50 • 
1.00 
Butanol 
7.59 
7.56 
7.78 
7.23 
5.35 
0.71 
7.47 
7.44 
7.65 
7.11 
5.27 
0.70 
7.34 
7.31 
7.52 
7.00 
5.18 
0.69 
22.63 
22.54 
23.19 
21.57 
15.97 
2.12 
-2 .61 
0.37 
0.97 
2.15 
2.05 
0.05 
0.01 
0.05 
0.10 
0.20 
0.50 
Pentanol 
0.01 
0.05 
0.10 
0.15 
0.25 
0.30 
Hexanol 
0.01 
0.05 
0.06 
7.66 
11.23 
14.11 
11.82 
2.44 
10.61 
19.20 
15.25 
9.01 
4.50 
Turbid 
14.09 
14.90 
15.47 
7.53 
11.04 
13.88 
11.62 
2.40 
10.44 
18.89 
15.00 
8.86 
4.43 
3.34 
13.86 
14.66 
15.22 
7.41 
10.86 
13.65 
11.43 
2.36 
10.27 
18.58 
14.76 
8.72 
4.36 
3.29 
13.63 
14.41 
14.97 
-
-
-
-
-
-
18.28 
14.52 
-
4.29 
3.24 
-
14.19 
14.73 
22.84. 
33.49 
42.08 
35.26 
7.28 
31.63 
57.25 
45.48 
26.87 
13.42 
10.14 
42.02 
44.43 
46.14 
1.19 
3.62 
5.65 
8.08 
0.66 
-3 .35 
1.98 
..0.12 
0.96 
0.39 
-1 .10 
5.58 
2.72 
4.09 
60 r 
o 
E 
G ethanol 
i^  propanol 
A butanol 
a pentanol 
n hexanol 
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0 vo 2-0 
-r Concentration of alcohol/(mole kg ) 
Fig.-4 Variation of activation enthalpy (AH ) for the 
viscous f low of 0-1M CTAB + 0 - I M KBr solution 
as a funct ion of added n-a lcohols 
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From Table II and Fig. 4, i t may be seen that A G ' 
and A H ' ' values are highly dependent on the nature and 
concentration of added alcohols. Activation energies for 
viscous flow of micellar solutions below the miceilar 
transition from sphere-to-rod were reported to be in the 
range 3.8-4.2 kcal/mole, which are charac ter i s t ic of water, 
aqueous solutions of molecularly dissolved substances, and 
20 21 » * * * 
spherocolloids ' . The high values of A H ( A H > 23 k 
cal/mole) correspond to the formation of larger aggregates 
(elongated rods), and small values { A H :;;==? 4 kcal/mole) 
correspond to smaller aggregates (spherical micelles) . Fro3i 
the magnitude of these thermodynamic parameters for 
aggregated systems in the presence of various alcohols, it 
may be seen that addition of hexanol promotes the rod-like 
micelles to grow to larger aggregates (elongated rods) , 
whereas ethanol and propanol break the ini t ia l ly present 
rod-shaped micelles into spherical micelles v/ithout change 
in the degree of the structures within the temperature and 
composition limits of the systems studied. However, in ths 
case of butanol and pentanol the size of micelle initially 
increases slightly, and then at a certain concentration of 
alcohol the micelles break to give smaller a g g r ^ a t e s . 
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CHAPTER IV 
INFLUENCE OF ALKYL CHAIN LENGTH OF AMINES 
AND ALKANES ON THE WATER SOLUBIL IZ ING 
CAPACITIES 0? W A T E R - I N - O I L MICROEMULSIONS 
127 
It is well known that t he formation of microemulsions 
or micellar emulsions in general i s dependent upon the nature 
and composition of components. Among the most extensively 
studied systems are those containing an ionic surfactant, a 
medium-chailength alcohol as cosurf actant, water, a 
hydrocarbon and sal t . Microemulsions t ip ica l ly require 6-8 and 
1 
8-14 wt% of surfactant and cosurfactant, respectively . The 
a lkyl chain length of oil and alcohol have been reported to 
strongly influence the interfacial composition and distribution 
2 3 
of alcohol in the oil and water phases ' . A number of studies 
have been carried out on microemulsions using alcohols as 
2-7 
cosurfactant 
Recently some linear chain a l ipha t ic amines and their 
s a l t s , specially the medium chainlength amines, are getting 
more recognition as cosurfactants in the microemulsion 
fi—11 preparations . The first reference to the use of amines as 
12 
cosurfactant was referred in Winsor 's work . Ahmad et a l . 
mapped the phase behaviour of CQNH-CI and CQNH- in xylene 
O O O Z, 
13 
and water . Pseudo-ternary phase diagrams of various amines 
combined with anionic and cationic surfactants show large one 
phase regions and high solubi l i ty of water in oi l - r ich 
9 14 
regions ' . Enhanced water solubilization was observed when 
quaternary ammonium sal ts were used in place of anionic 
surfactants ' . Loughlin found that the amines exhibited 
128 
higher amphiphilicity than all other s i i r i lar amphiphiles with 
simple polar head groups. In microenailsions, the effective 
hydrophil ici ty of amine/anionic surfactant combination was 
found to be lower than expected, indicating that a specific 
ionic interaction between amine and ionic surfactant i s occuring 
in the surfactant-rich film separating oil End water domains. 
Recently i t was observed that oae use of hexylamine 
in place of medium chain length alcohols reduce the problems 
associated with solubilization of water ar high oil content in 
o 
the system . The effectiveness of hexylanine as a cosurfactant 
would appear to hold great promise for industr ia l formulations 
where amines can be tolerated. A comparison of some of the 
major properties of alcohols and amines show that amines are 
-4 
weak bases, K, is approximately 10 fcr nost short chained 
amines. On the other hand alcohols a r e weak acids and 
slightly deprotonate. At the air /water interface, amines are 
more surface active than alcohols . Longer chain amines 
19 (CoNH„, C.„NH_) form micelles and some form liquid crystals 
o L lU L 
?n (C _NH )" , whereas long-chain alcohols a re surface active but 
17 do not form micelles or mesophases . T t e s e proper t ies should 
manifest themselves in the formation of microemulsion systems. 
Looking at the importance of t i e amines as suitable 
cosurfactants in the formation of microeamlsion coupled with 
129 
the i r character is t ic favourable proper t ies as compared to 
alcohols, the present chapter has been devoted to study the 
formation and characterization of water-in-oil (W/0) 
microemulsions. The microemulsions were composed of cationic 
surfactants, Cetyltrimethylammoniumbromide and Cetyl 
pyridinium chloride, water, n-alkanes (C_-C„)/benzene, 
b / 
n-amines (C„ and CoJ/Cycohexylamine. The temperature was 
b o 
fixed at 25°C. The influence of chainlength and structure of 
alkanes and amines on the formation and water solubilization 
capacity of microemulsion has been investigated by t i t ra t ion 
o 
method. The free energy change ( AG ) for transfer of amines 
from the oil phase to the interfacial region has been 
calculated as a function of oil chain length. 
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EXPERIMENTAL 
(a) Materials: 
Cetyltrimethylammoniumbromide (CTAB) was the same 
as used in the previous chapters . Cetylpyridinium chloride 
(CPC), obtained from Sigma Chemical Co.. USA, was 
recrys ta l l i sed twice from ethanol-ethylacetate mixture and dried 
at eC^C under moderate vaccum. The puri ty of surfactants were 
ensured from the absence of minima in tiae surface tension 
versus logarithm of concaitration plots. 
n-hexane and n-heptane were obtained from BDH, Pool 
England (99%), while n-pentane and benzene were E. Merck, 
India products (99%). n-hexylamine and n-octylamine were 
obtained from E. Merck, West Germany (98%), while cyclohexyl-
amine was BDH, Pool England Product (99.5%|. All the solvents 
were used as supplied. Deemineralised water redis t i l led , from 
alkaline potassium permanganate was used throught the work. 
(b) Preparation of Microemulslon Systems: 
Microemulsions were produced by t i t ra t ing the coarse 
emulsion of oil-water-surfactant with cosurfactant in the 
following proport ions: 10 ml of o i l , 1 ml of water, 1 g of 
surfactant and the appropriate ammount of cosurfactant required 
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to make a transparent microemulsion. Oil was added in small 
amounts (10 ml) to this mixture which was then mixed with 
•a magnetic s t i r r e r and- titrated with cosurfactant until the 
mixture was transparent again. Effect of chain length and 
structure of surfactants, cosurfactants and oi ls were studied 
by preparating microemulsions using CTAB 8 CPC as surfactants, 
n-hexylamine, n-octylamine and cyclohexylamina as cosurfactants 
and n-alkanes (C^-C„) and benzene as o i l s . The effect of chain 
length of oil and amines on microemulsion formation and their 
water solubilization capacities were invest igated. For water 
solubilization studies, maximum water solubilization in 
microemulsion was found from titration of the ini t ia l ly formed 
transparent microemulsion compcsed of 1 g surfactant, 10 ml oil, 
5 ml amine and 1 ml water with water unt i l l to get turbidi ty. 
At the end point the systems were in i t ia l ly tu rb id , but after 
a few minutes standing two clear phases were formed. 
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RESULTS AND DISCUSSION 
Table I summarizes the results of t he effect of chain 
length of oil and amine and the nature of surfactant on the 
water solubilization l imits of water- in-oi l microemulsion 
systems. Figure 1 shows the plots of water solubilization 
versus number of carbon atoms in alkylchain of o i l . It is clear 
from these results (Table I, Fig. 1) that the water 
solubilization capacity of microemulsion increases l inear ly as 
the chain length of oil increases. The ra te of increase of water 
solubilization with alkyl chain length i s large in CTAB micro-
emulsions compared to CPC microemulsions (Fig . 1 ) . The water 
solubilization limit is found to be same in both CTAB and CPC 
microemulsions with n-alkanes when cyclohexylamine i s used as 
cosurfactant (Table I ] . 
The continuous increase of water solubil izat ion with 
alkyl chain of oil phase in the system may be due to the 
preferencial partitioning of amines at the interface for higher 
chain length of o i l . This increased parti t ioning of amine was 
confirmed by our oil-amine titration s tudies (Tables I I -V] . It 
i s also clear from the data in Table I that the water solubility 
in benzene microemulsions is lower than n-alkane sys tems. This 
is possibly due to the difference in the interact ion based on 
the structural difference of oils with the head group of the 
surfactant which influences the partitioning of amine in the 
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miceller and containuous p h a s e s . I t was also reported for SDS 
microemulsions that cosurfactant preferential ly partitioned at 
21 interface for alkanes than benzene . Lower solubilization of 
water in the case of benzene microemulsions with CTAB and 
CPC, is due to the less parti t ioning of amines at the droplet 
interface than i ts aliphatic counterpart . 
Table I also shows tha t the water solubilization i s 
higher in case of n-octylamine for CTAB while it is lower in 
case of CPC. The opposite behaviour was observed for 
n-hexylanine system. Since head group size of the surfactant 
decide the packing of molecule at the interface of droplet , we 
would expect difference of packing in case of CTAB and CPC. 
Of course with the aromatic pyridinium sa l t s there would be 
delocalization of charge as well a s less charge shielding than 
with the trimethyl sa l t s . These interrelated factors undoubtedly 
affect interactions with amines and water and therefore water 
solubilizLig capacity. This i s the reason why two surfactants 
behave oppositely. 
The partitioning of amine at the interface was 
22 determined by famous Bowcott and Schulman titration . The 
present Eicroemulsion system may be considered to be made of 
three phases namely: continuous oi l phase, dispersed water 
phase and the interfacial phase . The distr ibution of total amine 
21 (n } among these phases may be writ ten as 
0 d i 
n = n + n + n (1) 
a a a a ^ ' 
136 
where n , n and n are the number of moles of amine in the 
a a a 
oi l , d isperse (water) and at the interfacial region respect ively. 
Since the solubi l i ty of amine in the oi l phase remains constant 
at a par t icular temperature, so the dilution of a microemulsion 
with an o i l and further titrating i t with amine will s t i l l 
maintain the solubili ty of amine constant in the continuous 
phase. Hence the distribution constant, K for amine in the oil 
phase may be written as: 
0 
o 
From Equations (1) and (2) we get 
n = K n + n + n (3) 
a o a a 
Since moles of amine at the interface and in the 
continuous o i l phase depend upon the surfactant concentration, 
Equation (3) may be converted into another form by dividing 
both the sides by the moles of surfactant, n , in the system: 
n 
a 
n 
s 
=: K. 
n 
0 
n 
s 
+ 
d i 
n + n 
a a 
n 
s 
(4) 
Equation (4) suggests that plot of n /n versus n /n should 
3 S O S 
result in a s t ra ight line with slope K and intercept I, where 
I = (n + n )/n . Assuming that the solubi l i ty of these amines 
a a s 
in water i s negligible (n = 0 ) , then ' I ' simply gives the 
3 
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Table 11: Moles of oil per mole of surfactant, n /n and moles of amine 
^ O S 
per mole of surfactant, n /n for the microemulslon system 
d. S 
composed of 1 g CTAB (fixed), 1 g water (f ixed) ,oi l and amine 
at 25°C. 
Oil n /n 
o s 
n /n 
a s 
n-Hexylamine n-Octylamine Cyclohexylamine 
Pentane 
Hexane 
Heptane 
Benzene 
31.28 
62.56 
93.84 
125.13 
156.41 
27.08 
54.16 
81.24 
108.32 
135.40 
23.24 
46.48 
69.72 
92.96 
116.20 
40.47 
80.93 
121.40 
161.87 
-202.33 
6.89 
9.99 
13.77 
17.42 
20.73 
7.29 
10.33 
13.50 
17.42 
20.93 
7.02 
10.67 
14.18 
17.55 
21.06 
5.40 
9.45 
13.30 
17.28 
21.06 
6 
9 
12 
15 
18 
7 
10 
13 
16 
19, 
7 
10. 
13. 
17. 
19. 
5. 
9. 
13. 
17. 
21. 
.81 
.73 
.71 
.68 
.60 
.03 
.27 
.19 
.11 
.19 
.24 
,16 
.25 
03 
90 
41 
,14 
25 
08 
14 
12.62 
18.07 
23.12 
27.30 
32.67 
12.94 
18.07 
22.57 
26.99 
31.72 
13.55 
17.94 
22.34 
26.74 
31.14 
6.31 
11.13 
14.28 
18.46 
22.41 
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Table III: Moles of oil per mole of surfactant, n /n and moles of amine 
^ O S 
per mole of surfactant, n /n for the microemulsion systen 
a S 
composed of 1 g CPC ( f ixed) , 1 g water (fixed),oil and amine 
at 25°C. 
Oil 
Pentane 
Hexane 
Heptane 
Benzene 
n /n 
0 S 
29.18 
58.36 
87.55 
116.73 
145.91 
25.26 
50.52 
75.78 
101.05 
126.31 
21.68 
43.36 
65.04 
86.72 
108.40 
37.75 
75.50 
113.25 
151.00 
188.75 
n-Hexylamine 
7.56 
10.83 
14.23 
17.88 
21.54 
7.56 
10.83 
14.42 
18.14 
21.79 
8.12 
11.02 
14.61 
18.39 
22.04 
7.18 
11.59 
16.31 
21.10 
26.01 
n /n 
a s 
n-Octylamine 
6.96 
10.04 
13.22 
16.39 
19.72 
7.06 
10.59 
14.12 
17.25 
20.48 
7.26 
10.64 
-• 14.12 
17.45 
20.88 
6.61 
11.45 
16.34 
21.39 
26.28 
Cyclohexylamine 
11.19 
16.78 
21.50 
25.91 
30.77 
12.22 
16.78 
21.27 
25.76 
30.03 
12.44 
16.78 
21.13 
25.47 
29.81 
5.30 
11.92 
16.64 
21.64 
26.87 
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moles of amine per mole of surfactant at the interface (n /n ). 
3. S 
From oil/amine t i trat ion for CTAB and CPC 
microemulsion systems in t h e presence of various o i l s , n /n 
3 S 
and n /n were calculated. These calculated values are tabulated 
0 S 
in Tables II and III for CTAB and CPC microemulsion systems 
respectively. Plots of n /n versus n /n for different o i l , 
a s O S 
amine and surfactant combinations are shown in Figures 2-4. 
From the slope, K and intercept , I of these straight line plots , 
the mole fraction of amine at the interface fX } and in the 
^ a 
continuous oil phase (X ) were calculated as : 
X^ = 1/(1 + 1) (5) 
X° = K/{K + 1) (6) 
a 
The standard free energy change, AG for transfer of 
amine from the continuous oi l phase to the interfacial region 
was calculated from the relation: 
A G ° = - RT In (XVX°) (7) 
o d <d 
where T is the experimental temperature. The values of I, K, 
mole fraction of amine at the interface, X and mole fraction 
a 
of amine in the continuous phase, X for CTAB and CPC 
3. 
microemulsion systems are given in Tables IV and V 
respectively. The calculated values of A G from Equation (7) 
are tabulated in Table VII. Table VI shows the comparision of 
147 
I (= n /n ) for different medium chain length alcohols and 
cos s 
amines in the microemulsion system composed of 1 g CTAB.lg 
water, oil and cosurfactant. 
The experimental results presented in Tables IV and 
V show many interesting features of the microemulsion formation. 
It is clear from these resul ts that the mole fraction of amine, 
X and number of moles of amine per mole of surfactant, I, at 
a ^ 
the interface increases with increase in the oil chain length. 
From these resul ts it may be concluded that the partitioning 
of amines at the interface i s favoured for higher chain length 
o i l s . A similar type of behaviour was reported for sodium 
stearate and CTAB microeraulsions using medium chain length 
3 23 
alcohols as cosurfactants ' . It also seems that the number 
of moles of cosurfactant per mole of surfactant (I] and mole 
fraction of amines at the interface (X ) are very high for amine 
3 
microemulsions than that for corresponding alcohol 
3 23 
microemulsions ' (Tables IV, V and VI). These resul ts clearly 
indicate that in comparision to medium chain length alcohols , 
amines are preferential ly partitioned at the interface for a 
particular oil phase. These differences in interfacial parameters 
also reflected in high water solubilizations observed in amine 
microemulsions. 
Water solubilization l imits in n-pentanol containing 
microemulsion systems prepared by the same quantity ( l ike 
amine microemulsions) of CTAB and n-alkanes were repor ted to 
148 
be 4.45, 4.55 and 5.10 ml for n-pentane, n-hexane and 
3 
n-heptane systems respectively . From Table I, water 
solubilization in amine microemulsion systems seems to be very 
3 23 high in comparision to alcohol systems ' . This behaviour may 
be understood in view of greater partitioning of amines at the 
interface in comparision to the corresponding alcohols. 
The increase in water solubilization capacit ies with 
increasing chain length of oil (Table I ) , as reflected in mole 
fraction of amines at the interface, X values (Table IV and 
a 
V) also suggest that the partitioning of amines at the interface 
is favoured in long chain oi ls . From Tables I,IV and V it may 
be seen that the increase in chain length of amine (n-hexyl-
amine to n-octylamine) increases X and water solubilization 
a 
in CTAB microemulsions, where as it decrease in CPC microcmul-
sions. However, in case of cyclohexylamine the mole fraction 
of amine molecules at the interface, X is seems to be high but 
a ° 
it show less water solubilization than l inear chain alkylamme 
systems. This i s di'e to high solubility of cyclohexylamine in 
24 fi 
water , the term n /n in Equation (4) could not be neglected 
a s 
for the calculaticn of I values as generally has been used for the water insoluble amines (C-.NH„, C_NH_). The actual value 
of 1 for cyclohexylamine systems should therefore be (n + 
3 
n^)/n . The T value reported in Table IV and V for 
3 S 
cyclohexylamine systems also includea t he term n /n , which 
a s 
has fairly high value. From this one could eas i ly guess the 
149 
actual value of molefraction of amine at the interface,X for 
a 
cyclohexylamine system must be l e s s than n-hexyiamine and n-
octylamine systems. Another factor which influence the water 
solubilization in cyclohexylamine system is the solubilization 
of surfactant molecules in water p lus cyclohexylamine pool and 
remove them gradually from the interface. This will decrease 
the total interfadal area and hence the concomitant decrease 
in water solubilization capaci ty . Such type of behaviour also 
reported for n-butanol (water soluble cosurfactant) 
4 
microemulsions composed with sodium stearate , water and oil . 
The standard free energy change, AG for transfer of 
amine from the continuous oil phase to the interfacial region 
for microemulsion systems composed of 1 g surfactant, 1 g 
water, oil and amine at 25°C a re summarized in Table VII. 
Figure 5 shows the variation of AG with number of carbon 
atoms in alkyl chain of oil for CTAB and CPC microemulsion 
systems. The negative value of A G suggests that 
microemulsions form spontaneously. It may be seen from Table VII 
and Fig. 5 that the free energy change for transfer of amine 
becomes less negative as the chain length of oil increases. This 
indicates that the transfer of amine, from continuous phase to 
the interfacial region i s an entropy driven process. This 
further indicates that the association between emulsifier and 
amine at the interface become more favoured in higher chain 
length oi l . The microemulsion s t ructures are not completely 
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described in the literature at molecular l eve l . Therefore, no 
satisfactory theory is available to expla in the A G values. 
However, in al l surface chemical sys tems where amphiphilic 
molecules are used, it has always been the practice to measure 
the effect of alkyl chain length on the free energy of the 
* 25 system 
The standard free energy change, A G for transfer of 
amine is found to be increase l inear ly with the number of 
carbon atoms, n , in the alkyl chain of oi l phase (Fig. 5 ) . 
The free energy change per methylene group, A G CH„ of the 
oil phase (for n-alkanes) have been estimated to oe -220 and 
-335 J/mole for n-hexylamine and n-octylamine respectively for 
CTAB microemulsions. For CPC microemulsions these were found 
to be -210 and -310 J/nole with hexylamine and octyiamines. 
However, for cyclohexyiamine systems A-G /CH- of n-alkanes 
were found to be -175 J/mole v;ith both the surfactants CTAB 
and CPC. These results clearly indicates that AG /CH values 
highly depend on the chain length of amine than on the 
surfactant head group. Table VII also shows that AG values 
s 
are less negative for CPC systems than for CTAB systems 
indicating that the amines are preferent ia l ly associated with 
CPC than CTAB. 
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